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THE AUSTRALIAN CARPET BEETLE, Anthrenocems 
Australis (HOPE), IN NEW ZEALAND 
By Fit YELLS L. iMiloniological Re.search Station, Nelson 
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Summary 

1. The .\uslraliaii Carjict Beetle, AnllirenoeerHs australL- (Hope), is 
recorded as a lioiischokl pest in New Zealand. 

2 . lls world distribution is referred U> and the .synonymy of the 
species is <nitlined. 

3. Dia.iin<)Stic characler-s are .dven for the separation of tlie adult 
from the yeiius Tronoderma, to which it is closest morphologically, from 
Attagenns with which it is often associated in infe.statit)ns, and frr)m 
Aiithreinis, the other carpet beetle genus already reiwesented in New 
Zealand. 

4. Diagnostic characters are given for the separation of the lar\a 
from the same three genera, and further morphological detitils of the 
larvtC are described. 

5. The economic importance of A. atislralis in New Zealand and its 
control are discussed. 


InTRODUCTIOxN’ 

For a number of years it has been known that Anthrcmis vcrhasci (L.) 
is not the only species of carpet beetle established in New Zetilantl. 
Numerous specimens of larvte differing markedly from tho.se of A. 
vcrbasci have been forwtirded to this laboratory from a nuntber of 
localities iit both the North and South Islands. The larYte are of the 
Trogoderma type, but have proved ditficult to rear in the laboratory. 
During the past season, however, a number of adults have emerged 
from infestations being held for rearing by this Station and these have 
proved to be the Australian Carpet Beetle, Anthroioccrus austraUs 
(.Hope), Family ]!)erme.stid<e. The identification of this species has pro¬ 
vided an explanation for the difficulty of obtaining adults in the labora- 
toiT. All the larvje forwarded to the Station have been recorded as pests 
of woollen goods and attempts to rear them have alw^ays been on such 
materials. According to Evans (1943), however, the species takes two 
years to develop on wool, etc., and the life cycle is reduced to one year 
only when dried insects, fish meal, or some such animal matter, is pro¬ 
vided as food. The difficulty of obtaining adults from insects with such 
a protracted life cycle has, iii this case, been increased by the fact that, 
unless emerging adults were removed from cultures quickly, dead speci¬ 
mens would probably have been eaten by any larvai I'emaining. 
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ICarly records of A. australis are confused and the first recognized 
description, under the genus Anthrcmts, was by Hope in 1843. The 
type of his species was from Adelaide, and is held In^ tlie Oxford 
Museum. In 1915 Arrow designated A. australis the type of a new 
genus, Anthrcuoccnis, which he considered to be confined to Australia. 
He pointed out that he had examined Hope’s type material of . /. aus¬ 
tralis and believed it “ to be the species later described a.s- Trngoderma 
rigmim Er.” How’cver, Arrows appears to have been mistaken in tlie 
date of this description, which Erichson published in Arcliiv f ur Natiirg. 
viii (1), p. 152, 1842. If Arrow is correct in his opinion, australis 
should be relegated to synonymy and the species .should become ^Inih- 
renoccrus rigiinm. However, Erichson’s description is vague and inde¬ 
terminate and it appears that his type material was not examined l)y 
Arrow. It is probable that the type de.scribetl by Erichson, which was 
from Tasmania, W’as deposited originally in the former Museum fiir 
Naturkunde, Kdnglich-l'riedrich-Wilhelms-Universitat, Berlin, so that 
it may prove impossible to discover whether the type is still in existence 
and, even if it is, where it is at present located. Until, or unless, the 
present species can be compared with the type of T. rigumn described 
by Erichson, evidence is probably not .sufficiently strong to warrant a 
change of the specific name australis. 

It is possible that A. australis has been present in New Zealand for 
many years and may even have been described bv one of the early 
workers such as Broun as a native New Zealand Dermestid. Mr, E. S. 
Gourlay, Caw-thron Institute, has pointed out that Trogoderma punctata 
Broun, described in 1886, is probably a synonym of Anthrcnoccrus 
australis, but Broun’s description is not sufficiently detailed to place this 
beyond doubt. At pre.sent an effort is being made to have the point 
clarified by the British Mu.seuin, which is holding the collection of 
Broun types of New Zealand Coleoptera. 

In economic literature A. australis has been recorded as a serious 
pest only in Au.stralia. Evans (1942 and 1943) considered the species 
to be the most common carpet beetle in Tasmania, and to be responsible 
for much more damage in houses than are clothes moths. Jenkins 
(1944) also referred to A. australis as being one of the commonest 
carpet beetles in Western Australia. 

About 1933, the occurrence of A. australis in England was first noted. 
Wakely (1936) recorded the species as having been breeding for three 
or four years in a printing works, and How^e (1939) stated that he 
had obtained larvje from the London wharf in 1933 on hides. Hinton 
(1945) has not recorded further outbreaks of the species in England, 
so that it does not appear to have become widely distributed there. 

According to present knowledge of A. australis in New Zealand, 
the species is probably much more widespread in New Zealand than it 
is in England, and in fact may approach the status it has attained in 
Australia as one of the most injurious household pests attacking fabrics. 

SYNONYifY 

Anthrcnoccrus australis Hope, Ann. Mag. nat. Hist. 11, p. 319, 1843 
( Anthremis ); Trans, ent Soc. Loud. 4, p. 105, 1845 (Anthremis); 

Blackburn, Trans, roy. Soc. S. Aust. 14, p. 132, 1891 (Anthremis ); 

Ibid. 28, p. 169, 1903 (Cryptorhopahim); Dalla Torre, Co/. Cat. 

(Junk), Pars 33, p. 73, 1911 (Cryptorhopahim); Arrow, Ann. 

Mag. nat. Hist. (Scr. 8), 15, p. 443, 1915 (Anthrcnoccrus n.g.); 
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Hinton, “ Monograph of the Beetles associated with stored pro¬ 
ducts,” 7, p. 369, 1945. 

■Cry/yforhopalitm crichsoui Reitter, Verh. naturf. Fcr. Brwin, 19, 1880, 
(1881), pp. 55, 56. 

The Adult 

The adult Anthrciwccrus australis has been described by Hinton 
'( 1945 ). It is of importance to be able to separate.it hrst from Anthrcuus 
z'crhasci, the only other carpet beetle so far recorded in New Zealand. 
The two are small dermesticl beetles of approximately the same size, the 
length of A. vcrhasci being 1.7 - 3.2 mm., and that of .1. australis, 2.0 - 
3.4 mm., according to Hinton. They are, however, so conspicuously 
■different in colour pattern as to make the species readily separable. 
A. australis is lilack in colour, the body is covered with dark brown or 
black hairs, and is marked by a pattern of white or yellowish-white hairs 
on the pronotum and running in three narrow, zig-zag bands across the 
•elvtra ( see Fig. 1). .L vcrhasci has-the body covered not with hairs 
V ' 



Fill. 1.—.-Vdull of Anthrcnoceriis australis (after Evans). 

T)ut with scales, forming a variegated pattern on the dorsal surface, 
which is considerably lighter in colour than in the case of A. australis. 
The background scales are brown or black, while the head is almost 
entirely clothed with yellowish scales, and a conspicuous pattern of 
white and yellowdsh patches covers the. pronotum and elytra (see Fig. 2). 

The family Dermestidfe is divided by Hinton and other modern 
coleopterists into six subfamilies, viz., Dennestinte, Orphilinfe, Trino- 
dinte, Thylodriime, Attageninie and Anthreninje; the common carpet 
beetles fall into the latter two subfamilies. The genera Authrcnocerus 
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Fjg. 2.— Adult of .liiiliri'inis vcrhasii (aftCT Hinton). 

and Anthrcuus both l)doiig to the Anthrcniine, as does 'J'rofjodcrnia, the 
genus to which Anthrcnoccnis is most closely allied iiKjrphologically and 
under which Broun has described several endemic sjX'cies. A further- 
genus which has not yet been recorded in New Zealand, but which may 
well prove to be present, is Atta(jcnUs</^ known in both Australia and 
England to occur in association with .ItithrcnocL'nis. The following 
key, derived from Hinton (1945), will serve to differentiate adults of 
Anthrcnoccrus from those of the other three important genera, Trogo- 
dcrma, Attagcniis and Anthrcnus. 

1. Body clothed with oval scales; elytral epipleuron feebly developed 

near base, elsewhere absent; metasterual epimeron not visible 
externally; hind coxa extending as far as the metasterual epis- 
ternum (Fig. 3) .. . Anthrcuus 

— Body clothed with hairs; elytral epipleuron well developed particu¬ 

larly in basal half; metasterual epimeron large and externally 
visible; hind coxa extending approximately half way across 
caudal margin of metasterual episternum flog. 4) .. .. 2 

2. Hind tarsus with basal .segment half, or less than half, as long as 

second . . .. .. .. .. .. .. Attagcmis 

— Hind tarsus wdth basal segment as long as or longer than second 3. 


Since goiny: to press a i)aiier l>y K. .A. Harrison has been imbhshed, entitled 
‘■ Tests with DDT and Gammexane on the larvae of a dermestid beetle (Atfa- 
genux s)).), a pest in some New Zealand woollen mills.” M.Z. J. .SVi, and Tech., 
30 (,?('<•. A), 1948 (1949), 100-4. As Anthrenocerux auxlralis has been confused 
with Attagcmis in New Zealand, it seems possible that the former may have been 
the species concerned in these tests. 
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vL x\ntt‘nnal club nearly always more than 3-segmentefl in both sexes, 
usually 4-segmented in females and 5- to 7-segmente(l in males. 
(Fig- 5), segments of club often serrate, and sometimes e\'cn 

flabellate . T rogodcrma 

— Antennal club large, abrupt, subparallel, of 3 closely fitting, sub¬ 
equal segments in both sexes (Fig. 6) • • Anthrcnoccrns: 



Fig. 5 Fig. 8 

Fic. 5.—Antenna of adult of A. australis (after Hinton). 

Fig, 6. —Antenna of adult of Trogodcruia versicolor (after Hinton). 


The Larva 

From an economic viewpoint, the larval stage is the most important 
in the life cycle of Aiithrowcerus australis, as this is the stage which 
causes serious damage to woollen goods. Larvje are always forwarded 
for identification and it is of considerable value to be able to identify the 
species without rearing adults. Up to the present there has been little 
published information on the structure of the larva. Evans (1942 and 
1943) and Jenkins (1944) referred to the larvie without giving mor¬ 
phological details, and only Blair (1936) and Hinton (1945) have 
described structural features such as the arrangement of body setae, the 
antenna, the maxilla, etc. 
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The larva of A. australis can be distinguished readily from that of 
.1. rcrhasci on several grtiss characters, the most obvious of ^vhich is 
the shape of the body. In A. vcrbasci the body becomes graduall}' wider 
UAvards the posterior end, the greatest width being about the fourth 
abdominal segment (I'ig. 7). Beyond this the terminal segments are 
somewhat telescoped and are hidden dorsally by heavy brushes of setae. 
In A. australis, on the other hand, the greatest width of the bod\'^ i.s 
about the thorax, and it tapers gradually towards the caudal end without 
any telescoping of segments I J'ig. 8). 



Fig. 7.—Diagram of horly shape of larva of A. rerbasri. 

Fig. S. —Diagram of body .shape of larva of A. australis. 

There is a further marked difference between the species in the pig¬ 
mentation of the dorsal body cuticle. Tn A. vcrbasci the tergltes are 
light brown, and those of the prothoracic and 5th abdominal segments 
only slightlv darker. Tn contrast, the tergites in A. australis are very 
dark brown to black, and as the membranous intervals between them 
are without pigmentation, a conspicuous pattern is formed along the 
body of alternating black and white transverse bands. 

It is necessary to make microscopic slide preparations in order to 
check the characters separating Antlircnoccnis larvte from those of 
Troijodcrma and Attagenus in addition to Anthrctnis. I-Jowever, the 
techniciue involved is simple. Some of the larvte used in the present 
studies were left in KOH for 24 hours, washed, in distilled water, de¬ 
hydrated and mounted in FAiparal, or washed, transferred to water plus 
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ascetic acid and mounted in Berlese’s Fluid. Later it was found that, 
by working with cast skins instead of the larvje themselves, preliminary 
preparation could be eliminated. At ecdysis, .skins arc split down the 
mid-dorsal line and head, mouthparts, legs, etc., remain intact, only the 
fragile, spear-headed setae of the body segments becoming detached. 
For microscopic examination the whole skin was placed directly on a 
slide in Berlese’s F'luid, polyvinal alcohol mountant or ICuparal, and 
antemue, mouth parts, etc., were sepai'ated out before covering. The 
form and distribution of botly setae were checked separately in preserved 
specimens of larvje. The following key, based on simple microscopic 
characters which can be readily detcrmineil with the latter technique, w-ill 
serve to separate the larva of Anthrcuoccrus from the three genera with 
which it is most likely to be confused:— 

1. Body surface without six-ar-headed setae; maxillary palp 4- 

segmented; 5 ocelli on each side of head .. .. Attagcinis 

— Dorsal body surface bearing spear-headed setae; maxillary palp 
3-segmented; 6 ocelli on each side of head . . .. . . 2. 

2. Greatest width of body about 4th abdominal segment; tufts of 

spear-headed setae on 5th to 7tb abdominal segments arising 
from membranous posterior regions of segments, while cor¬ 
responding tei'gites are emarginate laterally and curved aboht 
ba.ses of tufts (Fig. 9) .. .. .. .. Anthrerms 



Fig. 9.—Diagram of’lateral arrangement of setae on 5th abdominal 
segment of larva of A. vcrhasci. p.in,—iposterior membrane; 
S.S.— spear-headed setae; sp.s.—sockets of spinulate setae; 
t.—tergite.' 
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— Greatest width of body through thorax; 5th to 7th alxloniinal ter- 
gites not eniarginate laterally and tufts of spear-headed setae 
arising from tergites themselves towards their posterior margins 
( Fig. 10) .. .. . . .. . . . . . . 3. 



Fic. 10.—Diagram of lateral arrangement of setae on 5th 
abdominal segment t)f A. australis. 

3. Antenna with second segment about twice as long as third and much 
more than twice as long as broad (log. 11) . . Anthrcnoccrus 

— Antenna with second segment not more than half as long again as 
third and slightly to considerably less than twice as long as 
broad (Fig. 12 ) .. .. .. .. .. Trogoderma 



Fig. 11.—Antenna of larva of A. australis. 

Fig. 12.—Antenna of larva of Trogoderma n’r-viVu/or (after 
Rees). 
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I'urthcr details of the larval morphology of Afitbrcnoccrus australis 
are as follows:— 

Body Setae: 

The vestiture of the body is one of the most conspicuous features 
of larva; of the subfamilv xVnthreninie and characteristics (jf the group 
are well developed in the case of J. australis. Two distinct types of 
setae are produced, namely, spinulate setae (lug. 13) and spear-headed 
setae (Fig. 14). The first liave also been called “ rat tail setae. ” by herns 
(1934), and these cover the ventral surface of the b(.)dy, fringe the 



Fig. 13 (left).—Spinulate seta of Dermestid larva (after Ferris). 

Fig. 14 (right).—Spear-headed seta of Dermestid larva (after Ferris), 

anterior margin of the prothoracic tergite, form a line across the 
anterior half of the meso- and metathorax and across the centre of each 
abdominal tergite. The spinulate setae are comparatively coarse, with 
numerous fine lateral branches, and vary in length from less than 0.1 mm. 
to approximately 4.0 mm. Very long spinulate setae arise in strands at 
the terminal end of the body, forming a conspicuous “ tail 
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Thf spcar-headcd setae, also known as “ liastisetae ” (Rees, 1943) 
and “pendicle setae” ( I'erris, 1934), are found only in larvje of the 
Anthreniiice. In A. australis they are produced on the dorsal surface of 
each segment in the body. They arise, in each case, from the chitinous 
tergite itself, posterior to the spinulate setae, and are aggregated into 
lateral tufts which become increasingly conspicuous towards the caudal 
end of the body. This arrangement differs from that found in A. z'cr- 
hasci. Here the spinulate setae arise towards the posterior margins of 
the tergites and, in the thorax and first four abdominal segments, the 
spear-headed setae are developed along the extreme posterior margins 
of the tergites but are not aggregated into lateral tufts. Conspicuous 
lateral tufts, or brushes, arise only on abdominal segments 5 to 7, and 
here the spear-headed setie originate not from the tergites but from the 
membranous areas posterior to them. 

Aiitcuua: 

In A. australis, the antenna does not diff'er markedly in the relatite 
length and width of its segments from that of A. vcrhasci (I’ig. 15). The 
most obx'ious difference is in the development of the terminal papilla of 
the second segment. In A. australis this is reduced to a flattened disc, 
^vhereas in A. vcrhasci it projects beyond the base of the third segment 
as a well-developed lobe. Further, the basal segment of the antenna of 
A. australis bears six stout seta?, while in A. z'crbasci only four com¬ 
paratively slender set<e are present. The difference in number of these 
setae may not be constant, but the contrast in their shape and thickness 
in the two species is always obvious. 

The antenna of the larva oi Attagcuus ( Fig. 16) is markedly difl'erent 
from those of all three genera, Anthrciioccnis, Authrenus and Trogo- 
derma, particularly in the basal segment, which is long and slender, 
bearing a large number of fine .setae. 



Fig. 16.—Antenna of larva of Attagenus picrus (after Rees). 
Mandible: 

This does not show aiw unique features. The mandible is typical 
of the subfamily, having the apical half more strongly sclerotized than 
the basal hah and dark brown in colour, and a tuft of long hairs on the 
outer margin of the basal half. The median membranous or sclerotized 
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process, called the retinaculum by Uecs and the prostheca hv Minton, is 
absent in A. australis, as is the basal brush of setae which sometimes 
accompanies it. In all these features the mandible corresponds with that 
of A. verbasd. 

Ed pharynx: 

Rees (1943) has made a detailed study of the larval cpipharyiiN in 
the Derinestidie and has found that it shows several distinctive j^eiieric 
characters. That of Anthrcnoccrus australis (In^. 17) dilTers from 



Ifii;. 17.—Ejiiiiharyn.v of larva of ausiratis. d..s.i>.—distal setisoiy 

papillae; e.r.—epipharyniteal rods; m.s.c.—median sensory 
cups; p.s.c.—proximal sensory cups. 

any de.scribed by Rees, belon,£fing to genera kn<nvn to be represented in 
the Ihiited States. It bears six distal sensory ]3a]jilUe, four of these 
being arranged in a sharply defined, compact, crescentric area towards 
the distal margin of the epipharynx, while the remaining tw'o arc nearer 
the centre and widely separated. There is a median pair of sensory 
cups and a proximal, transverse scries of about 10 sensory cups. The 
epipharyngeal rods are curved, enlarged di.stally and diverge towards 
their proximal ends. 



Fig. 18.—Epipharynx of larva of A. vcrbasci (after Rees). 

In Anihreus vcrbasci (Fig. 18) the six distal sensory papilhe are 
not aggregated in a compact area, but are well separated from each 
other and are loosely grouped near the middle of the epipharynx. There 
is a median pair of sensory cups, as in A. australis, but the proximal 
series numbers about 12, instead, of 10. According to Rees, the distal 
sensory papillje in Troc/oderma are grouped in a single, sharply defined 
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compact area, while there are 10 to 20 sensory cups in the proximal 
transverse series. In Attageuns the distal sensory papillie are absent, 
while the proximal sensory area is composed of a transverse series of 
six large sensory papillje and a more proximal tran.sxerse series of 17 
to 20 sensory cups. 


EcONO-MIC 1 AI PORTA N CE 

Aiithrcnoccnts australis is e.ssentially a household pest and it is in 
this hal)ilat that it is likely to present the most serious problem. During 
1948 it has lieen recorded in New Zealand as attacking carpets, lilankets. 
eiderdown c|uilts, knitting wool, woollen clothing and dift'erent kinds of 
cloth. It has been found breeding in cupboards, wardi'obes, drawers, etc. 
luitomological Research Station records for 1948 .show that specimens 
have been received for identification from the following localities:— 

South Islantt: Burnside (Otago), Oamaru, Waimate, Timaru, 
Geraldine (vSth. Canterbury), Ashburton, Chri.stchurch. 
North Island: Taihape, Taupo, Hamilton, Mangapuhi I King 
Country). 

The bulk of material has been forwarded from Timaru, where 
-■/. australis is regarded as a very serious pest. Apparently the species 
has a wide tolerance to temperature, but seems to thrive particular!}- well 
in a cool climate. 


Control 

Carpet beetles present a ditficult problem in control, as ia) they 
frequently attack fabrics liable to injury by sprays hating an oil or 
kerosene base; ib) they attack clothing, and therefore cannot be eradi¬ 
cated by sprays or dusts which might act as skin irritants: (f) they 
bi’eed in obscure cracks and corners which frequently can be reached 
only with difficulty; id) as household pe.sts they cannot conveniently be 
subjected to large scale fumigation. 

No experiments have been carried out at this station in New Zealand 
on the control of A. australis, and mea.sures at present being adopted 
follow those put forward by Dumbleton (1940) for A. vcrhasci. These 
are in general agreement with overseas recommendations against A. 
■australis, A. vcrhasci and a number of other carpet beetle species. 

It should be noted that modern insecticides such as DDT and Gam- 
mexane are only of limitetl value against carpet beetles. With these 
beetles the toxic action of DDT is extremely slow. Indeed, several 
investigators have recorded holding carpet beetle larvie alive in con¬ 
tainers in which thev were in direct contact with DDT powder for 
several weeks before they eventually' died. Thus, although DDT is 
valuable for protection against carpet beetle attack, it could not be used 
•effectively to obtain rapid reduction of an infestation. Gammexane is 
reported to be extremely effective as a killing agent, but in its present 
form is not suitable for "household use on account of the lasting effect of 
its -unpleasant smell. 

Practicable preventive and control measures against the Australian 
Carpet Beetle may be summarized as follows:— 

(a) Protection of light fabrics and clothing: 

Where carpet beetles may be present, it is of particular importance 
that all materials liable to injury should be frequently aired and if pos- 
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sible bung' in the sunshine. When they have t(J be stored tor ])ro1onged 
periods they should be packed in several layers of paper, folded S(j as 
to be as nearly insect-proof as possible. Naphthalene and paradichloro- 
benzene are of particular value for the protection of clothing. Naph¬ 
thalene has a more prolonged effect and can be used in trunks etc., at 
the rate of approximately 1 lb. per trunk. Paradichlorobenzene acts more 
quickly and hence is more useful in drawers etc., in which damage may 
already have been observed. Where it is practicable to do so, clothing or 
fabrics found to be infested nia\'’ be dipped in hot M\'iter at a tempera¬ 
ture of 140°f. or more. This is a simple and effective remedy which 
will kill all stages of carpet beetles. 

( b) Protection of carpets and floor-coverinc/s: 

Jenkins (1944) recommends that carpets and other fhjor-coverings 
should be insect-proofed with sodium tluosilicate. A solution is prepared 
of one ounce of the powder to one gallon of water, and this is applied 
to the backs of carpets so as to obtain as deep a penetration as possible. 

(c) Prevention of breeding in floor cracks, etc.: 

When evidence of carpet beetle injury is observed, a first essential 
is to ensure against their continued breeding in floor cracks, around 
baseboards, in cupboard linings, wardrobes, drawers and down the l)acks 
of chesterfields and upholstered chairs. In this respect a vacuum cleanm* 
should be used whenever and wherever possible. Jenkins has pointed 
out the value of turpentine as a contact insecticide M’hich als(j leaves a 
repellent residue for some time. As it is liable to stain it cannot l)e. used 
where it may injure fabrics, but is excellent for ap])lication to llooring 
and in similar positions. Probably DDT is now the most valualde ])ro- 
tection against the development and continued breeding of cariiet bec-tlc 
infestations in these places. A five per cent spray ma}^ be a|)p1ied beneath 
carpets, and also inside cupboards and wardrobes where it can be cajvered 
by paper. A 10 per cent DDT powder, applied with a hand duster, may 
also be used. These DDT preparations should give protccticm for a 
period of several months at least. In practice they should he applied 
during the summer months when the adult beetles are on the wing and, 
if oviposition is prevented, spraying or dusting should not then be 
necessary until the following season. 

{d) Small-scale household fumigation: 

Although it is generally neither necessary nor practicable to fumigate 
a whole house for the control of pests such as carpet beetles, infested 
clothing and materials can be readily fumigated in a sealed trunk or 
cabinet. A number of commercial fumigants are useful for this purpose, 
and of these chloropicrin, in any of the commercial preparations sold 
for soil fumigation, is one of the most satisfactory. It can be used in 
jv sealed trunk or cabinet, applied on a piece of sacking at the rate of 
a half to one ounce for 24 cubic feet of space. The exposure time should 
be approximately 24 hours. This preparation is reasonably safe for 
small-scale application as it is not inflammable and is sufficiently un¬ 
pleasant to prevent users from exposing themselves to dangerous con¬ 
centrations. Carbon bisulphide has been very generally recommended for 
the small-scale fumigation of clothing, etc., but while it is effective and 
readily available, the dangers of its use cannot be over-emphasized. It is 
highly inflammable, should never be in proximity to any heat source 
whatever and must be used only out-of-doors. 
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TRENDS IN MAGNETIC DECLINATION AT APIA 
AND CHRISTCHURCH 

By J. W. Beagley and J. M. Bulj.en, Chi'istchurch Geophysical 
Observaton-, Department of Scientific and Industrial I>lesearch 

(Received for puhliealion, .12 March 1949) 

During 1946-47 a thorough investigation was made into the relia¬ 
bility of absolute magnetic instruments, absolute observations, base lim* 
values and instrumental constants at the Apia Observatory. 

In order to check the consistency of the absolute observations oi 
declination made there, the method of plotting monthly means as used 
by W. E. Scott (1) at Huancayo, Peru, was used—the period 1912- 
47 being treated in'this way. During 1948 it was decided to extend 
this work to cover the monthly mean values of declination obtained In* 
the Christchurch Magnetic Observatory from 1902 to 1947. Tallies 
I and H of this paper contain the Christchurch and Apia values res- 
pecti^'ely. Where observed values were not available the most probable 
values were deduced by the principle of least squares from the wSeries 
of monthly means for the respective years. Values were so obtained for 
the following months at Apia:— 
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June-December .. .. 1930 

January. 1934 

June, July, August .. 1937 

The yearly mean for these years is enclosed by brackets and the 
months afl'ectcd indicated by an asterisk. For each year the most prob¬ 
able gradient was determined by means of least squares. These, as well 
as the monthly mean values for Christchurch, are plotted in h'igs. 1 
and 2. 

h'ig. 1 shows that generally the Christchurch plotted means follow 
the annual trend closely. Several years prior to 1913 give evidence of 
less precision as compared with later determinations of declination, and 
the monthl}' means for the year 1923 show a comparatively large amount 
of scatter. An investigation of the records for 1923 reveals that the 
base-line values computed from the declination observations were rather 
A^ariable. Because of building operations near the Adie Magnetograph 
House at Christchurch the Eschenhagen curves obtained at Amberley 
were from this year used alone for determining the hourly values in all 
magnetic elements. 1923 also marked the change in measurement of 
orclinate from an instantaneous value at the Greenwich hour to the 
mean ordinate over the hour centred at the Greenwich hour. Absolute 
observations for standardization purposes still continued to be made at 
Christchurch. I'rom these remarks it will be realized that there were 
sufficient factors which could contribute to the abncjrmal variation in 
the monthl}' means. 
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2 illuslrates trends at Apia graphically. As at Christchurch the 
plotteci means follow the annual trend closely in the majority of years 
investigated. An investigation of composite graphs for the Apia and 
Christchurch data indicated that little or no seasonal variation e.xisteil 
at Apia while the seasonal variation at Christchurch was considerably 
less than one minute of arc. 



Fig. 1 and 2 clearly show differences in magnitude of the annual 
variation of declination and change in gradient of annual trend through¬ 
out the years. 

In order to investigate the annual or secular change at Christchurch, 
mean annual A^alues were plotted as shown in F'ig. 3. 

It is well known that the secular change partakes largely of the 
character of the earth’s main field. It is quite as difficult to account for 
as the earth’s magnetism. There must be some deep-seated change ^vithin 
the earth but a satisfactory solution has yet to be offered. 

Secular variation is a progressive change, the complexity of which 
is increased by superposed effects due to causes external to the main 
field. It was decided to find an adeqiiate representation of what could 
be regarded as the main trend of declination at'Christchurch so that any 
■effects superposed on this trend might be investigated. Quite obviously 
in this case the straight line method as used by Scott for Huancayo 
would not give a true representation of the Christchurch data. Lej’ist 
.squares methods were used to fit a. curve to the observed values and the 
equation derived from this analysis was as follows 
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D. -- 16°.2941 + 0°.03026 (t-1902.5) 4- 0°.0007085 (t-1902.5)- 
+ 0.0000002477 (t-1902.5)=^ 

where 1902.5 is the initial epoch, and t any year after thi.s epoch, easterlv 
declination being reckoned positive. The curve thus calculated was 
found to give a fairly convincing fit. 



IfeDo'e 
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Residuals were obtained by subtracting calculated values from ob¬ 
served values and these have been plotted as in Fig. 4. The residuals 
can be assumed to represent the external effects superposed on the main 
trend. There is a marked tendency towards a 22 year periodicity in 
these residuals which .suggests the possibility of a sunspot relatioinship. 
For compai'isqn purposes Zurich relative sunspot numbers are al.so 
plotted in the same figure.. ■ 



Table I. Mean Monthly Declination (All Days) for Christchurch Magnetic Observatory 
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It was found that the maxima in the Christchurch residual curve at 

1907.5 and 1930.5 lagged two years behind the sunspnt maxima at 

1905.5 and 1928.5 which is in agreement with the findings of other 
investigators that magnetic activity lagged behind the sunspot maximum. 
The minima, however, do not show any absolute agreement on this 
point. That at 1921.5 shows a lag of four years behind the sunspot 
maximum at 1917.5 while the minimum at 1938.5 lags only one year 
behind the corresponding sunspot maximum at 1937.5. 



CHWSTCHURCH RESICJURLS OBTOINH) WSING EQURTION CRLCDURTEO 
BY L6BSr SQURRES 

-too _ 

I8D5S 1905-5 I9I&S 1935=5 1945-S 


Mean annual values 1905-1947 for Apia were next plotted as in 
Fig. 5. In the case of Apia it was more difficult to decide upon the best 
means of representing the main trend. Finally it was considered that 
a straight line fitted by least squares methods would give a fair indica¬ 
tion of the main trend although it would not be entirely satisfactory 
in the years between 1925.5 and 1935.5. 
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The equation obtained was as follows;— 

D,. = 9°.5315 + 0°.0392 (t-1905.5) 
t representing any year after the epoch 1905.5. Calculated values have 
been plotted in a manner similar to the Christchurch flata. See I'ig. 5. 


ll'oOE. 


io’oo'e. 


B^oois,. , , , , , 

18955 18055 19155 l9a5S 19355 1945-5 

In Fig. 6 are plotted the differences between the observed values 
and values calculated by using this equation. The period covered was 
shorter than that for Christchurch though of sufficient length to indicate 
also a tendency towards a 22 year periodicity. When times of maxima 
and minima of the Apia residual curve were compared with Zurich rela¬ 
tive sunspot numbers the agreement was not so marked as with Christ¬ 
church but sufficiently so to suggest a relationship with the Zurich 
relative sunspot curve and the Christchurch residual curve. 

A maximum at 1928.5 coincided with the Zurich sunspot maximum 
while the minima at 1914.5 and 1935.5 occurred three years and two 
years respectively earlier than the corresponding sunspot maximums at 
1917,5 and 1937.5. This lack of agreement in lag as compared with 
Christchurch can be explained by the fact that the straight-line repre¬ 
sentation as used for Apia’s main trend is not as true as the curved fit 
obtained for Christchurch. This statement is supported by work which 
was done by treating in a similar fashion the declination data at the 
following observatories: Honolulu, Pilar, Alibag. 
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ZURICH RELRTIVE SUNSPOT NUMBERS 



In all cases a periodicity of the order of 22 years in the residuals 
was found but the times of maxima and minima depended on the degree 
of the empirical equation representing the progressive trend in declina¬ 
tion. 

In Fig. 7 the Apia and Christchurch residuals are compared with 
the cycles of plus and minus polarities of sunspots. This gives a much 
better picture of the degree of relationship existing between these 
quantities. 

The size of the sample; under investigation plays an important part 
in the determination of the true main trend curve. Glover (2) in dis¬ 
cussing the Apia data for the pe;riod 1905 to 1929 obtained a theoretical 
second degree curve for the trend which would have been a bad fit for 
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the data of the ye:ar 1931 onwards. In order to determine the law which 
governs the effects superposed on the main trend it would seem that a 
much longer series of data is needed if this method of attack is to be 
utilized. However, the work done in this paper supyxjrts the. view that 
secular variations show small-order dependence in their progress on the 
sun.spot cycle. 
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FUSED AND BAKED SEDIMENTS ASSOCIATED WITH 
BASALTIC LAVAS AT ELLERSLIE, AUCKLAND, 

NEW ZEALAND 

By E. J. Seakle, Auckland Ihiivcrsity College 
(Received for fublicatioo, 3 Aiujust 1949) 

Summary 

The occurrence of a sheet of 1)aked sediments intercalated hetween 
two flows of basaltic lava is described and its mode of emplacement is 
discussed. A brief account is siven of the petrographic characters of the 
vitrified and crystallized rocks produced. 

Descrii>tion 

Natural brick, formed by the baking of sedimentary material by heat 
of volcanic rocks, is found in many localities throughout the Auckland 
volcanic fields in association both with the pyroclastic rocks of the 
scoria mounds and with the basalt of the lava flows that emanate from 
them, 'fhe occurrence herein described is unusual in the relationship 
shown between the lavas and the brick, and in certain physical char¬ 
acteristics of much of its material. 



Fu;, 1.—South-ca.st face of Wilson and KotheiVs Quarry, showing 
sheet of baked sediments intercalated hetween lava flows. 

The brick is exposed in Wilson and Rothery’s Quarry, I'erndale 
Road, lillerslie, where an excavation six chains long by three chains 
wide has been made in the basalt of lava flows from Mount Wellington. 
It appetirs to rise from the north-east corner of the quarry (Fig. 2), as 
a (lyke-like body of red brick with well-developed horizontal prismatic 
jointing produced as a result of shrinkage following drying out during 
the baking process; the shrinkage pidsms have a width of approximately 
one inch and are at this point much coarser than they are else¬ 
where in the exposure. At floor level the mass has a width of three feet 
and rises almost vertically to a height of five feet above the floor where 
it divides into two branches each, about 18 inches thick and diverging 
from one another at an angle of about 120°, At a height of it) feet above 
the floor of the pit and 20 feet below the top of the face they become 
substantially horizontal; this horizontality of the outcrop is maintained 
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round all the walls of the pit. The northern branch varies considerably 
in thickness and opens out into a pocket 15 feet long and four feet thick 
before it is obscured by the buildings of the crusher plant; where it 
ngain becomes evident on the other side of the crusher it has thinned out 
once more and finally peters out completely at a point about four chains 
distant from the north-east corner of the pit where it would appear to 
ha\e reached the surface of the covering flow in a surface depression. 
It is noteworthy that the material of which this portion of the sheet is 
eomposed is earth}' and incoherent near the base of the sheet but close 
to the o\-er-lying basalt it is compact and brick-like and .show's fine pris¬ 
matic jointing. Moreover, there is, near its northern end, a considerable 
proportion of slaggy and scoriaceous ba.salt—some fragments having 
natural brick fused to their surface—mixed with the fine-graitied reddish 
sediment. 



Fin. 2.—North-east corner of quarry iht showing sediments rising 
from floor to form a sub-horizontal sheet. 

The other branch diverging from the rising mass in the north-east 
corner, passes across the eastern face of the pit for a distance of three 
chains and can thence be traced for a further five chains in the southern 
wall. Like the outcrop just described, this too, varies somewhat in thick¬ 
ness, for although the average thickness is approximately 18 in. this 
increases in places to three feet or more. Its material i.s" much more 
thoroughly baked than is that of the northern portion of the sheet and 
in consequence the columnar structure is more highly developed and the 



Fig, 3.—Pocket of baked sediment showing shrinkage prisms. The 
: upper and lower glassj' selvedges are apparent. 
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pi'ismalic cleavage cracks pass from surface to surface right through the 
sill-like mass; the columns are perpendicular to the upper and lower 
contacts of the sediment in the thin parts of the sheet but have radial 
dispositions in the pockets (Fig. 3). An outstanding feature is that 
glassy selvedges have been formed on both the upper and lower surfaces 
of the brick which is thus fused to the enclosing basalt above and below. 
In some places where this effect is most noticeable, the selvedge is about 
a quarter of an inch thick and the fused glass which has penetrated the 
narrow shrinkage cracks to a distance of .several inches has frequently 
the form of thin-walled bubbles in cavities between the prisms ( Fig. 4). 
FJsewhere masses of natural porcelain have been produced, sometimes 
at the contact of sediment and basalt and sometimes as frothed up vesi¬ 
cular masses with coralloid appearance. 



Fio. 4.—Baked sediment, showing fine polygonal shrinkage jirisms, 
fused to basalt by a glassy selvedge. Note the dark glass which 
has penetrated the shrinkage cracks and formed thin-walled 
bubbles. 

The basalt underlying the part of the ’* sill ” under description has 
been much broken by shearing, and, in fact, is so shattered that it 
practically crumbles when struck wuth a hammer. This would appear to 
be due to movement within the flow- at a stage wdien its material was 
not completely solidified; this is substantiated by the very flagg}’ nature 
of the rock in the eastern face where flags produced by shearing have 
been curled over and have striae on their surfaces produced by blocks 
sliding one over another. Several of these flags ha^^e natural brick 
adhering to their surfaces and others show selvedges embossed Avith the 
distinctive polygonal pattern developed in the brick (Fig. 5). It would 
seem, therefore, that the underlying lava w'as hot w^hen it came in contact 
wdth the sediment, now present as brick, and that movement occurred 
in it after baking. 

Near the south-east corner of the quarry the structure of the '' .sill ”■ 
becomes more confused and it is seen to divide and pass round small 
horsts of the underlying basalt; in one case, for example, an upper sheet 
seven inches thick is separated from a lower sheet, three inches thick, 
by a mass of basalt four inches in thickness. All the surfaces between 
the brick and basalt are here marked by thick glassy selvedges by which 
the two rocks are fused together. Near at hand, as; elsewhere in the 
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exposure, thin vertical offshoots of the " sill ” penetrate sex eral feet 
downwards into the underlying basalt and show hnely-developed 
shrinkage prisms. Such features indicate, that the sediment was in a 
highly plastic state when it was emplaced. 



Fk;. .S.—Bii.salt underlying' the haked rock with curved tla.es pro¬ 
duced liy shearing and striated l»y slickensiding and with 
natural iirick fu.sed to their surfaces. 

Tn the exposure along the southern face the baked brick is intermixed 
with much scoriaceous slag and with blocks of scoriti covered with 
glassy natural porcelain, and, as a result, the sill loses its striking Itright- 
red colour and its beautiful prismatic .structure. There are some pockids 
in which the sediment has the appearance of burnt brick, being dark 
brown in colour, closer in texture with macroscopic crystals of haematite 
and formed of closely-spaced prisms only a quarter of an inch wide. 
On the western end of the wall there are pockets of incoherent red 
earthy sediment but volcanic debris becomes an increasingly more im¬ 
portant constituent of the filling so that when the shetd finall\' rises 
vertically to make contact with the surface of the flow it is almost wholly 
constituted of scoriaceous fragments. 

Quurrymen report that a blow was encountered on the fionr of the 
pit near the northern wall which was filled to within five feet of the 
roof and from which 250 yards of red, largely-earthy baked sediment 
■was removed. 

Mode OF Emplacement 

It is suggested that the sheet of natural brick was formed from 
sediment which had accumulated in tiny lakes or swampy hollows on 
the pre-volcanic surface or on the surface of previously extruded lavas. 
The former would appear to be the more likely, as silts arc known to 
underlie the lavas in nearby areas and baked silts are found at other 
p]ace.s in the lavas of the Mount Wellington field. At Winstone’s ciuarry, 
one mile north of the present occurrence, baked silts are found in which 
the imprints and, moulds of the. leaves of rushes are present. It would 
be unlikely that sufficient time intervened between the emission of suc¬ 
cessive lava sheets from Mount Wellington to permit such vegetation to 
become establishetL It is suggested that the lava flood advanced by the 
outfloudiig of la\-a tongues from its front arid that three of the tongues 
com-erged near the site of the quarry. One of these tongues forms, the 
lower part of the northern face and was substantially cool befdre the 
arrival of the other .sheets. A second tongue toed up” the sediment 
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-Jigainst tlu' flanks of tht* t-arlior one whilst the third followin,^' rapidly 
upon it overtook and overwhelmed the squeezed-up sediments and spread 
them into a thin sheet between the flows. The sediment, sandwiched 
between the masses of hot rock on the south, became more thoroughly- 
baked than it did on the northern side where there was hot rock on the 
top only. 

J’etrooraphy 

Macroscopically the basalt of the upper and lower flows is similar 
to that found commonly throughout the Auckland Isthmus arul examina- 
ti(jn in thin section shows that they are indeed olivine basalts typical of 
that area with abundant large phenocrysts of olivine and augite together 
with laths of plagioclase set in a groundmass of feldsnar and pyroxene, 
and having iron ore scattered liberally throughout (I'ig. 6). The ground- 
mass is glassy near the surface and around vesicles. 



Fic. 6.—PhotomicroRraph of uli\inc l)asalt from flow umlcrlyinR 
the natural brick. 


FiCi. 7. —Haematite Rrain in baked sediment surrounded l»y a halo 
of haematite rods. The base of the rock is largely isotropic 
hut feldspar appears fairly freely in tiny grains and there is 
abundant scattered opaque material (? haematite). The white 
jiatchcs are vesicles. X 33. 

Thin sections were made of various types of baked material found in 
The .sheet between the lava flows. The bulk of the material is a compact, 
rather vesicular rock, very line in grain and coloured red by scattered 
tiny rod-like aggregates of haematite. A few granular crystals of plagio¬ 
clase are distributed throughout the sediment but the yvriter was unable 
to determine the mineraloirical character of the very fine-grained material 
which constitutes the main mass of the rock. 

Near the contact the sediment has been almost completely feldspar- 
thized during baking and is almost wholly constituted of granular and 
irregular grains of feldspar with a few scattered laths of the same 
■mineral. It, too, is vesicular, and its vesicles are often lined with small 
rods of haematite. There are rare crystals of greenish fresh pyroxene and 
others where the pyroxene appears to. have been replaced by haematite. 
The photograph (Fig. 7), shows that this haematite has been formed, 
at least in part, by the alteration of fragments of basalt (or of material 
derived from the basalt) included in the .sediment. 

Sections of basalt from near its contact with the brick show that 
it, too, has suffered alteration as a result of interaction of the hiaterials 
■of the sediment and of the lava at their interface. The glassy ground- 
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mass of the basalt has been rendered practically opaque owing to the 
presence of granules and rod-aggregates of iron oxide ( r magnetite) 

( Fig. 8), but a more striking change has taken place in the olivine 
phenocrysts, and to a less extent in those of pyroxene, which have 
suffered change to magnetite. It is clear that this change has resulted 
from reaction as a complete succession of forms may be traced from 
those in which the olivine is fresh but permeated with arborescent aggre¬ 
gates of iron oxide with their main rods arranged perpendicular to the 
l)eriphery of the crystal and penetrating about half way to its centre. 



Fir;. S,—Glas-sy basalt opaque with iron ores, including haematite, 
with an inclusion of fairly evenly feldspathized sediment. The 
dark needles in the sediment are pale green pyroxene. To tlie 
right of the inclusion is a large phenocryst of olivine which 
has been almost completely converted to magnetite. Se\eral 
crvstals of augite mav also lie seen in the basalt. Ordinary 
light. X 33. 

Fu;. 9.—Same glassy basalt as in Fig. S showing the develojiinent 
of magnetite in olivine phenocrysts. X 33. 

Intermediate forms show the rods to be present over the whole of the- 
area of the secti(.)n of the olivine but much fresh olivine is apparent. In 
the final stages the parentage of the iron ore is recognizable only in the 
characteristic shapes of its aggregates. (Figs, 9 and 10.) 



Fm. l(».~Phenocrysts of olivine in glassy basalt near contact with 
sediment sliowing alteration to magnetite. I'nder higli power 
the magnetite rods often appear like strings of tiny beads. 


Fn;. 11.—.An aggregate ot coarse grains of brownish augite sur- 
roundetl bv a halo of radiating plumose needles of feldspar 
and enclosed within colourless vitrifiefl sediment (appears 
while in photograph). The snudl prismatic crystals in the 
glass are olive-green pyroxene, small granular crystals t)f 
which also malce iij) the dark, linear aggregates. X *33. 
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Bartrum (1942) has drawn attention to the unusual cle\ elopnienl uf 
iron ore in the olivine of a “ chance boulder " from Otahuhu which was 
not traceable to its parent quarry and of rock from the summit cone of 
Rangitoto, and remarks that “ after examination of hundreds of thin 
sections of olivine basalts ” he could recall no other rocks showing the 
same characteristics. He describes the iron ore as occurring as " irregular 
clots which are often aggregated into rod-like or string-like bodies ” 
and notes that the margins of the olivine ( near forsterite) phenocrysts 
are bordered by a definite reaction rim of magnetite. His de.scription, 
and the photomicrograph which illustrates his paper, show a markeil 
similarity between the rocks he describes and those found in the basalt 
near the contact in the present example. 



Fig. 12.—Yellow glassy and crystallized sediment in contact with 
basalt. The lower portion is a clear colourless .glass studded 
with aciciilar crystals pf greenish pyroxene and rarer fine needles 
of feldspar. The diit'^ area above is rich in fine, long and 
“ feathered ’’ needles of feldspar together with the same pyro¬ 
xene. Abo\ e the field of \iew the rock is more granular. ><! 33. . 

FiCi. 13.—Finely crystallized feldspatliized sediment below bordered 
by a zone composed of long “feathered” radiating needles of 
feld^jar with pyroxene (dark in photo) and some glass. Just 
abo\-|. but outside the field of the photograph this deep- 
coloured zone passes into colourless .glass as in Fi.g. 11. X 33. 

A thin layer of glass is frequently present between the feldsparthized 
sediment anil the basalt: it is highly vesicular and often forms the skin 
of thin bubbles and penetrates the brick along shrinkage cracks for a 
■distance of several inches. It is generally dark and almost opaque in 
hand specimens but in a few instances clear greenish yellow glass was 
observed; sometimes the glaze has the appearance of rather dull greyish- 
y-ellow porcelain. Thin sections made at the interface through this region 
of natural glaze showed the following definite recognizable zones:— 

( a) Basalt with large phenocrysts of olivine almo.st entirely replaced 
hy magnetite and with a glassy groundniass which is almost opaque as 
:i result of the formation of fine mineral grains. 

(h) A transparent and almost colourless glass with long yellowish- 
gi'een needles of pyroxene and rarer acioilar crystals of feldspar. From 
■close contact with the basalt “ spherulite-like ” radiating masses of feld¬ 
spar needles are plumose in form being “ feathered-out ” at the ends by 
smaller diverging needles. 

(r) Further from the basalt, the glass appears to be largely devitri- 
fied and is almost wholly made tip of feldspar needles in radiating and 
interlocking masses. 
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( (/) The material of the zones so far described has comparatively 
few vesicles but in the next zone of interlocking granular feldspar with 
rare needles of pyroxene there are abundant vesicles lined with small 
rods of haematite'; granules of iron ore are freely scattered throughout 
the rock. 

in one section the outermost portion of the basalt is coloured red 
with haematite and small squat crystals of pyroxene are particularly 
abundant along the actual interface between glass and basalt, and in 
others tiny pyroxenes have developed around the vesicles. In one of these 
latter, shown in the photomicrograph (Fig. 14), an ovoid mass of inter¬ 
locking grains of feldspar is ringed by a corona of yellowish pyroxene 
and small crystals of magnetite; it would appear to represent a small 
fragment of sediment which had been caught up in the glass. 

J'rom the debris between the two flows in the south wall there was 
collected brick burnt to a dark brown colour which was more highly 
indurated than the normal red brick. In thin section it is seen to be 
con.stiruted of plagioclase, mostly in irregular grains but showing some 
typical laths. Jt is highly vesicular and the vesicles are lined with 
haematite (Fig. IS). Some rare crystals of green augite are present, 
and ehsewhere there are pyroxene crystals in process of alteration to 
haematite. Pyroxene and small needles of haematite, apparently derived 
from earlier pyroxene, form haloes surrounding several larger haematite 
masses, which appear to have been fonned from the alteration of in¬ 
clusions of glassy basaltic fragments. 



Fk;. 14.—Fragment of small tongue of opaque glassj'- basalt in 
recrystallized sediment with, on right, an ovoid mass ringed 
by a corona of yellowsh pyroxene. Inside the ring laths of 
feldspar with irregular crystals of yellowish pyroxene, some 
stained with haematite, and a little magnetite in octahedra. 

At bottom the finely-crystallized sediment passes suddenly into 
the glass with long needles of feldspar. X 33. 

Fm. 15.—^^^esiculated sediment from above the lower basalt. The 
white areas are vesicles ringed with pale greenish pyroxene 
and opaque iron ore. The rock is finely-granular feldspar with 
scattered grains of iron ore and the dark triangular patch is a 
fragment of altered basalt; X 33, 

Another interesting rock appears macroscopically to resemble a 
frothed up basaltic lava for it is blue-black and well vesiculated. It is 
found in sla^y lumps with hunimocky>- surfaces lustrous with a felt of 
sraall haematite crystals (Fig. .16),.Through the courtesy of Mr. Buckley, 
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Fig. 16. —Slaggy vesicular sediment. The lustrous dark surfaces 
are coated with haematite grains. 

Amalgamated Brick and Pipe Co., Ltd., New Lynn, the writer has 
examined specimens of natural brick from Kopuku, near Pokeno, which 
has been formed by the baking of clay as the result of combustion of an 
underlying coal bed. The clav is associated with gravelly material and 
while the clay has been baked to a pale pink brick the coarser material 
(Mr. Buckley states) has frothed up into a lava-like rock similar in hand 
.specimen to the particular material from Ellerslie under description. Mr. 
Buckley has produced similar material in the kilns at New Lynn by 
baking conglomerate from Kopuku.* 


’i' Personal communication. The writer has since ^•isited Kopuku and found that 
the fused rocks have been fortiied by the alteration of greywacke pebbles in 
a conglomerate lying some fifteen feet above the coal. 

In thin section the slaggy baked sediment from Ellerslie appears 
rather granular in texture with some of the grains of feldspar, the pre¬ 
dominating mineral, showing overgrowth. Magnetite is abundant in 
small grains and aggregates which are at times demonstrably derived 
from the alteration of olivine, for remnants of olivine may be recognized 
in the centre of some of the iron ore masses. Small acicular crystals of 
pale green pyroxene are present and appear to be most abundant, to¬ 
gether with rods of iron ore in the rock surrounding the very numerous 
vesicles that crowd the rock. 

In the more slagg}^ parts of the sheet pale yellowish natural porcelain 
is found both fused to blocks of basalt and as large lumps in the filling. 
In hand specimen this material has rather a corraloid nature for while 
the rock is itself comparatively dense the mass as a whole is considerably 
frothed-up. The surfaces are smooth and glazed and the rock which is 
almost opaque and has numerous tiny vesicles is little more than the 
partitions between large coallescing A''esicles (Fig. 17). In thin section 
this rock resembles the yellowish glass already described. 

The writer has found it difficult to locate much infonnation in the 
literature to which he has access as to work done on such altered sedi¬ 
ments. Harker (1932) makes reference (p. 27) to the vitrification of 
argillaceous or arenaceous sediments for a few inches from their contact 
with a d}dce or sill as being due to the “ sufficient supply of solvent, viz, 
water/’ from a magmatic source so that the rock has been bodily vitrified. 
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Fid. 17.—Lava-like fused sediment. 

Fk;. is.—C reamy yellow porcellanous fused sediment. N()tc tlie 
liny vc.sides in the dense .e'lassy rock. 

The efl'ect extends only a few inches from the contact and is of rare 
•occurrence for it requires favourable conditions. “ The high initial tem¬ 
perature demanded is realised only in basic or ultrabasic intrusions, and 
magmtis of this kind are those least rich in water.” In the prerent case 
it is presumed that adequate water would be present in the plastic sedi¬ 
ment from which the fused sediments were produced. The same author 
I p. 70) states that inclusions of sandstone in basalt are often parti}' 
vitrified and numerous ocairrences have been described under the name 
“ buchite ”—a term (p. 27 footnote) which is sometimes used to describe 
the ^•itrifie•:l product of any sediment or more specifically vitrified sand- 
■stone. 

I’articular interest in the present examples attaches to the interaction 
■between the basalt and the sediment resulting in the developmnt of iron 
-ores from the ferromagnesian minerals. 
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I’articulars of all earthqualces in the New Zealand region during 
the year 1948, whose enicentres were determined, are tabulated below. 
The approximate epicentres of these earthquakes are shown on the 
accompanying map, with the exception of ten .shocks, whose epicentres 
were beyond the boundary of the map. Approximate isoseismals of 
two of the principal earthquakes during the year are shown on inset 
maps. 
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REVIEW: THE HANDBOOK OF THE HEAVENS 


New Handbook of the Heavens. By Hubert J. Bernhard, Dorothy 
Bennet, and Hugh S. Rice. Revised Edition. Pp. 360. Whittlesey House. 
McGraw-Hill Book Company, Inc. 1948. $3. 


This book raise.s the question as to the dividing line.s separating hand¬ 
books, textbooks, and popular expositions. Up to a point this work is all 
three, and hypercriticisni might consider it scrappy in consequence. Sur¬ 
prisingly enough the reader will not find this mixture of treatment in any 
way confusing, but from a beginner’s point of view a means cjf developing 
interest. 


Anyone de.siring to make a beginning in general elementary astronomy, 
could not do better than have this book as a companion for a year, 'riie 
success of the work is due to several factors. Simple statements without 
any attempt at romancing, but .still retaining an abounding enthusiasm on 
the part of the authors is perhaps the main factor. Moreover, the reader 
is not merely told of certain matters, but where simple observations can he 
made to see things for himself, he is invited to have a look. Imperceptibly 
the reader becomes aware that astronomy is an observational science. 

The authors are to be congratulated on the choice of illustrations, some of 
which are not commonly found in books of this type. Moreover, the plates 
aiid diagrams are selected to illustrate the arguments of. the text, a matter 
which .some book,s on astronomy seem to ignore. 

A useful feature i.s the tabulation of telescopic objects, including Mcssier’.s 
catalogue. These have been chosen with good sense and care, such tliat 
any beginner with a moderate instrument can find good examples of the 
various object types. It is .suggested that these tables might be collected 
together as a complete appendix in a future edition for increased reference 


Occasionally one feels that there are .small points upon wliich the per¬ 
spective could have been improved, but this is more a matter of individual 
tastes, hlowever, a.s one who lives under the Southeni Cross, tliis is the 
‘'ni the reviewer ^ seen or heard of the Coal Sack being 
called the Black Magellanic Cloud, which has much to commend it, 

production of. the book as a whole is very good, and there appears 
to oe ail absence of any large errors. 


I. L. T., 

23. June 1949'. 
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NOTES ON THE PETROGRAPHY OF SOME NEW ZEALAND 
COALS 

By M. T. Te Punga, Geology Department, Victoria University 
College, Wellington, New Zealand 

(Received for publicaiioii, 13 September 104S) 

Summary 

'J’lie general petrography of some New Zealand coals is discussed and 
Thiessen’s petrographic nomenclature is advocated for application to New 
Zealand coals. 


Petrographic Nomenclature 

The nomenclature used in petrographic studies of coal has been the 
subject of keenest controversy. Two methods of classifying the macro¬ 
scopic and microscopic constituents of banded coal have arisen. The 
majority of American students of coal petrographj'’ have adopted the 
method pioneered by Thiessen based on the nature of the vegetable 
matter from which the constituents were derived; in Europe, however, 
St opes’ purel}" physical classification, without particular regard to 
source, has been more generalR accepted (Moore, 1940, p. 20). 

Stopes’ terminology (Stopes, 1935) and definitions of the distinctive 
physical and chemical properties of the constituents (Stopes, 1919) are 
confined to Palaeozoic bituminous coals of fairly high rank. Many 
New Zealand coals are lower than bituminous in rank and as the physical 
and chemical properties of coal vary considerably with rank, Stopes’ 
nomenclature cannot be applied to these. The examination of New 
Zealand coals of bituminous rank shows that while " vitrain “ durain ”, 
and “ fusain ”, can be recognized fairly readily, the presence of “ clarain ” 
cannot as yet be deteimined with confidence. Difficulty in intei-preting 
the description of ” clarain ” may possibly account for this. It should 
be noted here that originally “ vitrain ” was supposed to be structureless 
under the microscope. “ Vitrain ” was believed to be a solidified 
stmctureless jelly or colloid, produced by the complete disintegration 
and decomposition of plant material. Refinement of technique in the 
preparation of coal sections has shown that the “ vitrain ” band which 
does not show at least some traces of original cell structure is a decided 
rarity. It has been possible to demonstrate that not only do the ” vit¬ 
rain ” bands of British bituminous coals retain their original cell structure 
in varying degrees of perfection, but also that these structures are 
practically identical with those of the “ anthraxylon ” bands in American 
coals of Carboniferous age (Raistrick and Marshall, 1939, p. 181). 

Thiessen recognized the essential general petrographic similarity of 
coals of all ranks and ages. His nomenclature would thus seem to be 
readily applicable to New Zealand coal; examination shows that this 
is indeed the case. 

Thiessen (1935) considered coal to be composed of two visibly different 
classes of constituents, anthraxjdon and attritus. 

Anthraxylon: 

“ Anthraxylon comprises the constituents of coal that are derived 
from the woody tissues of plants, such as stems, limbs, branches, twigs 
and roots, including both -wood and bark changed and broken up into 
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fragments of greatly varying sizes through biological decomposition 
and weathering during the peat stage and later flattened, compressed 
and transformed into coal through the coalification processes but still 
present in the coal as definite unit constituents. In the vertical cleavage 
surfaces, they appear to the naked eye as homogeneous black bands, 
strips, or lenticular inclusions, generally of a bright outward appearance, 
ranging in thickness from a fraction of a millimeter to several centimeters 
and in width and length from a few millimeters to several centimeters 
and meters respectively. In general, they have a smooth black to a 
highly lustrous appearance, according to the rank of the coal—the higher 
the rank the higher the gloss. In thin sections under the microscope 
these bands invariabl}^ reveal some of the original plant structure. 
This may be well preserved or it may be recognized only with difficulty, 
all degrees of preservation between these two extremes being pos-sible.” 
Attritm: 

“ The attritus is the component of coal that is derived from any 
and all plant matter contributed to the deposit during the peat stage, 
macerated and comminuted through the agencies of micro-organisms, 
lower forms of animal life, and weathering and subsequently consoli¬ 
dated and changed into coal. The attritus therefore contains much 
of the most resistant plant products. It looks duller than the anthrax- 
ylon, usually being dull grey and having a striped appearance when 
intercalated with fine sheets of anthraxylon. It is the continuous 
fundamental matter in which the anthraxylon is embedded. 

When thin sections are prepared from coal and examined under the 
microscope at low magnification the attritus appears as a granular, 
greyish mass lodged between the more homogeneous dark red bands 
of anthraxylon. At a higher magnification—200 diameters or more— 
it is shown to consist of a number of different ingredients .... 'I'he 
following constituents may be recognized : 

Constituents of attritus; 

1. Translucent cell-wall degradation matter or translucent humic 
matter. 

2. Brown cell-wall degradation matter or brown matter. 

3. Granular opaque matter. 

4. Slore highly carbonized matter, fusain. 

5. Resins, tannins. 

6. Waxes. 

7. Spore exines, pollen exines, cuticles. 

8. Mineral matter.” 

The relative amount and nature of the anthraxylon and attritus form 
the basis of Thiessen’s classification into types (Thiessen, 1935) as 
follows: 

( 1. Humic coals 

2. Spore-rich coals 

3. Resinou.s coals 

' 

j 3. Attrital- ’14. Cuticle-rich 

I anthraxvious coals 

4. Attrital ' 5. Leaf coals 

• ' 6. Bark-rich coals 


f 1. Bright coals 


1. Banded coals 

(coarsely, fine¬ 
ly or micro- 
banded) 

2. Nonbanded coals 


2 . 
' 3. 


Semispliat 

coals 

3. Splint coals 
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The Petrography of Some New Zealand Coals 

In this investigation surfaces from clean breaks and polished surfaces, 
both perpendicular and parallel to the bedding planes were examined 
macroscopically. Thin sections for microscopic study were prepared 
using a slightly modified form of the paraffin-impregnation technique 
developed by Thiessen, Sprunk and O’Donnell (Thiessen, 1938). 

Macroscopic Study of the Ohai Coals. 

Examination of coals from the Star, Mossbank, Black Diamond,. 
Birchwood, Wairaki and Linton mines in the Ohai coalfield showed 
that anthraxylon and attritus can be distinguished macroscopically, 
the shiny, smooth-surfaced, black bands and lenticles of anthraxylon 
contrasting sharply with the dull, matt-surfaced, greyish-black attritus.. 
Coarsely banded, finely banded, and micro-banded coal types (Thiessen, 
1935) were observed. 

In many of the coarsely banded specimens the “ grain ” (differential 
cellular structure) of the coalified wood could be recognized quite easily 
with the naked eye. Counts of the annual rings in two specimens 
of anthraxylon from a small outcrop near Malakoff Hill sliowed over- 
eighty growth rings in each. A tendency to split along the grain was 
noted in a number of the larger pieces of grained anthraxylon, whereas 
the fracture of anthraxylon without noticeable grain, at an angle to- 
the vertical cleavage and bedding planes, was usually sub-conchoidal to- 
conchoidal. 

In the vertical cleavage surfaces of the coarsely banded coal the 
anthra.xylon bands were generally between 2 mm. and 1 cm. in thickness, 
although several thicker units—^up to 8 cm.—^were seen. In transverse 
sections the width of grained anthraxylon lenticles varied from 1 cm. 
to 15 cm. while longitudinal sections occasionally extended for half a 
metre or more. Measurement of the thickness and width of carefully 
selected transverse sections of grained anthraxylon in New Zealand 
coal seams may prove an aid to knowledge of the amount of compression 
which the seam has undergone. Variation in the amount of compression 
which lower and higher seams in a field have undergone may possibly be- 
measured in this way. 

Macroscopic stud}'' of the attritus showed tliat fusain was jiresent in 
small quantities in all coals from the Ohai mines; in some cases large- 
amounts w^ere found, but these were very local in distribution. 

Resin was likewise found in the attritus of all the Ohai coals, being 
particularly abundant in the upper “ resin seams ” (Lillie, 1945). The- 
presence of resin in the Ohai coals, and in many other New Zealand 
coals, may be considered as evidence that conifers were present in the- 
vegetation from which these coals have been formed. Conifers contain 
considerable quantities of resin stored in resin cells, ducts, and reser¬ 
voirs in the wood, bark and leaves. “Wound re.sin is also common 
in many conifers—^the New Zealand Kauri. Agathis australis, is a good 
example. The resin in some living conifers may amount to as much 
as 10 per cent, of their dr}'' weight (Thiessen, 1935), 

The resin evidence for coniferous plants being represented in the. coal¬ 
forming vegetation at Ohai is confirmed by pollen e.xine studies. 

Pyrite crystals, up to 2 mm. in diameter, and small aggregations of 
other mineral materials can be seen with the naked eye in the attritus. 
of some Ohai coals. 
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Microscopic Study of the Ohai Coals. 

The grained anthra.vylon when viewed in thin section invariably 
showed well preserved cellular structure. In several transverse and 
longitudinal sections the xylem and \y\em raj^s were particularly distinct 
and in some the pitting of the cell walls could be distinguished. Micro¬ 
scopic examination confirmed the macroscopic identification of annual 
rings in the illalakoff Hill and other specimens. Inclusions of spherical 
ovoid, and ellipsoidal resin globules were quite common in the anthraxy- 
lon tissues, thus providing further evidence that conifers were present 
in the coal-forming vegetation at Ohai. The gymnospermous origin 
of several pieces tif grained anthraxylon was determined by careful 
anatomical study of the xylem and xylem rays, and the nature and 
distribution of pitting. Detailed cellular structure of the pith, xylem, 
phloem, and cortex of a complete stem was observed in one set of sections. 
The anthraxylon was always dominantly yellow, orange or red in colour, 
but it is important to note that the intensity of colour and even the colour 
itself may vary with the thickness of the section. 

Characteristic charcoal-Iike fusain with thick black cell walls and 
empt}" lumina was observed in attritus sections. Translucent humic 
matter, brown cell wall degradation matter, granular opaque matter, 
resin, cuticles, and mineral matter were also present in the. attritus. 
A noteworthy feature of the attritus was the abundance <i\f,> clear yellow 
spore exines. 

Petrographic Classification of the Ohai Coals. 

An accurate petrographic classification of the Ohai coals would 
require serial roof-to-floor sectioning of individual seams. This could 
not be attempted by the writer. It is obvious, however, that most 
of the Ohai coals belong to the banded group and their place in this 
group could be determined without difficult}' if the serial section work 
mentioned above were undertaken. 

Other New Zeal.and Co.als. 

Hand specimens and thin sections of New Zealand coals, made 
available by tlie New Zealand Coal Survey, were also examined. An¬ 
thraxylon and attritus were identified macroscopically in Waikato, 
Ohura, Greymouth, Reefton, Charleston, Kaitangata, Taratu and 
Mataura samples. The presence of fusain as a common constituent in 
the attritus of many specimens was noted. In some coals pyrite and 
calcite are prominent as mineral matter constituents. 

Resin is a constituent of the attritus in most New Zealand coals. 
Cods particularly rich in resin can be classified petrographically as 
resinous coals. The importance of resin as evidence of a coniferous 
element in the coal-forming floras of New Zealand has already been 
noted. 

.Microscopic examination of thin sections of coal from a number of 
the Greymouth mines confirms the suitability, of the application of 
Thiessen^s petrographic nomenclature to New Zealand coal, and the 
descriptions and figures given by Penseler (1932, 1933, 1934) in his 
account of the Waikato and James coals support this conclusion. 
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REVIEW OF “ TABLES OF SCATTERING FUNCTIONS FOR 
SPHERICAL PARTICLES” 

.-VppLiEh M.\them.\tics, Series 4, 119p. 4.54, U.S. National Bureau of Standards. 


These tables are designed to facilitate computations concerned with the angular 
distribution of intensity and total light scattered by a small siiherical particle— 
such as a \Yater-dro])—in terms of size of particle and wavelength of the incident 
li.ght. 

Two interesting physical applications of the tables are given. The first relates 
to the estimation of i)article size (assuming particles of uniform size) and the 
estimation of particle concentration. If the transmission of light of two different 
wavelengths through the particles is measured, then both these quantities can be 
quite easily determined. 

The second application should jirove very useful in the application of micro¬ 
wave radar techniques to meteorological phenomena. The radar echoes from water 
drops in the atmosphere are a particular case of the scattering problem where the 
scattering angle is 180'’. Owdng to the fact that the dispersion of liquid water 
occurs at microwave lengths (in the one to ten centimetre band, approximately), 
the refi'active index becomes complex and depends on wavelength and hence 
scattering functions for complex arguments are required. These have been pro¬ 
vided over the band of 3 millimeters. to 10 centimeters. 


1. D. DICK, 

29 .August 1949. 
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NOTES ON SOLAR ACTIVITY AND ASSOCIATED 
GEOPHYSICAL EFFECTS 

By J. W. Beagley, Geophysical Observatory, Christchurch, and I. L. Thomsen, 
Carter Observatory, Wellington 

{Received for puhlication, 25 October 1949) 

A radio-fadeout on the N.Z.-U.S.A, circuit which was associated in time with a small 
augmentation of the diurnal trend in all magnetic elements at Apia and Amberley 
occurred on 1949 May 10d.20h.05m. U.T. and was followed by a magnetic disturbance, 
aurorae and poor radio transmission conditions on May 12d. 

From the .sun-spot records it seems safe to ascribe the origin of the disturbances 
to Sunspot, Carter No. 1112, in position, heliographic Latitude 17° South, Longitude 
■00°. The central meridian passage of this .spot occurred on May IL6d. U.T. At 
the time of original flare on May lOd. the spot would be situated 10° East of the central 
meridian. Unfortunately cloudy conditions at Wellington prevented observations 
of the Sun at this time. 

The general appearance of the spot, which Tvas attended by surrounding small 
spots, gave no indication of unusual activity' when viewed vnth an ordinary telescope. 
-Uthrough the most prominent feature on the Sun, it was of only moderate dimen¬ 
sions, 775 millionths of the visible solar hemisphere. 

In order that the inter-relation of solar, radio and magnetic data can be fully 
appreciated, the various phenomena have b^n set out m sequence below. Tn this 
table all times are U.T. and the letters in column 2 refer to : 

S = Solar Activity I = Ionospheric Activity 

M = Magnetic Activity R = Radio Receiving Conditions 

A = Auroral Activity’ 

1949 d. h, m. 

May 10 20 02 S Solar Flare Report in CRPL-F58 

Ionospheric Data-June 1949 
05 S Simspot 10°E of Central Meridian 
R Fadeout N.Z.-U.S.A. Circuit 

M Augmentation of diurnal trend in all magnetic 
elements at Amberley and .Apia 

May II 02 04 M Sudden commencement preceding minor magnetic 

disturbance 

Sudden commencement at .Abinger, Greenwich, 
at this time. 

K-Index 4 00h.-03h. 03-06h. 1 Id. 

11*6 S Central Meridian passage of sunspot 

12 03 42 S Sunspot 9° West of Central Meridian 

M Sudden commencement preceding major magnetic 

storm 

07 39 M H element Amberley magnetic records com¬ 

menced to decrease rapidly. Short period 
oscillations superposed on sharp irregular 
movements. Range until 15h. 24m. 527 
gamma 

08 30 I F2 layer ionosphere commenced to rise at speed 

80km./hr. 

09 00 I E2 layer suddenly appeared up to l'4mc.,/sec. 

09 30 I F2 layer became very disturbed 

A Aurora first seen from Nelson HA. DS. 

10 00 R Quartz Hill; Signals half normal strength 

11 00 R Makara : Conditions very poor, odd type of rapid 

flutter fading. 

Generally poor strength of signals 

12 II 00 R Quartz Hill: Everything above 1 Imc./sec. com¬ 
pletely* blacked out, i.e. .signal stren^h zero 

12 00 I All trace of coherent F2 region vanished. 

Considerable amount of Es pre.sent and very 

.scattered 

12 SOI A Brilliant Aurora reported from Gisborne, Grey- 

13 00 J mouth, Auckland and South Australia 

14 00 R Makara : All signals faded out 

15 24 M H trace magnetic record commenced to show a 

gradual increase. Short period oscillations of 
large amplitude superposed on main trend 
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1949 


May 


d. 

h. 

m. 



16 

00 

I 


16 

30 

A 


17 

00 

I 


19 

30 

I 


18 

30 '1 

1 ^ 


20 

00 J 



18 

001 

i 


21 

00 J 


12 

19 

00 "I 



21 

00 

f 


21 

00 " 

I 

13 

04 

00 

M 


06 

30 

I 


08 

45 

A 


11 

45 



F region of Ionosphere vanished but may have 
been blanketed by Es and then reformed 

Aurora seen briefly at Greymouth 

Maximum intensity of Ionospheric storm was 
reached 

I-ayers were beginning to reform 

Quartz Hill: Signals on llmc./sec. just audible 

Quartz Hill: Signals on 9mc./sec. just aubidle 

Makara : Signals beginning to return slowly but 
generally weak up to 21h. 

Quieter conditions returned 

Quieter magnetic conditions returned, spasmodic 
perturbations persisting until 15d. 

F2 layer remained above and f°F2 figures were 
below median values until this time 

Aurora reported from Wellington HA. 


General 

The solar eruption began a few minutes before the commencement of the radio 
fade-out on May lOd. 20h. 05m. and about 34 hours afterwards the magnetic .storms 
commenced. This time lag indicates that the velocity of the particle radiation was 
■of the order of 1200 km./sec. 
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REVIEW 

CHAMBERS’S MATHEMATICAL TABLES 

CHAMBERS'S FOUR-FIGURE MATHEMATICAL TABLES 

L. J. Comrie, M.A., Pli.D.; iv. 4- 64 pF.; 1947; W. & R. Chamhers Ltd., 
Edinburgh and London; published price, limp cloth 5/- net, cloth board.s 
6/- net. 

CHAMBERS’S SIX-FIGURE :\lATHEltfATICAL TABLES 

L. J. Comrie, M.A., Ph.D.; Vol. 1, Logarithmic Values, xxii -f .S76 pii., 1948; 

\ c>l. TI, Natural \’alues, xxxvi 4- 576 pp., 1949; W. & R. Chambers Ltd., 
Edinlmryh and London; jaihlished price, 42/- net each. 

These new volumes of mathematical tables ma 3 ' well serve a.s a model for all 
malcer.s and puldishers of tables in the future, and it is safe to predict that they 
will become the standard collections of tables of elementar\' functions. The- 
four-fiyure tables are intended for the highest school classes, technical colleges, 
and nniver.sities, as well as for industrial practice; the six-figure tables are 
intended for physicists, engineers, and practical mathematicians in general, and 
are to supersede the existing Chambers's Sevcti-Figurc Mathnnatical 'J'lihlcs, 
which are to be allow-ed to go out of jtrint. 

The most striking feature of the volumes is that they have been jjreparcd with, 
the needs of the user constantly in mind. The use of non-lining (heads and tails) 
figures, carefully spaced both vertically and laterally, of hold-face type for argu¬ 
ments, and of white spaces rather than rules between columns, give such claritj’" 
and legibility that the tables can lie used for hours on end without danger of 
eye-strain or fatigue. In provision for interpolation they are probably superior 
to any other tables published; where first differences do not suffice, a finer interval 
of argument or a critical taiile of an auxiliary function is introduced, attention 
being called to the need of such devices bj’ the printing of differences in italics. 
Great pains have been taken to ensure accuracj-. Part of the work of jiroof- 
reailing involved a comparison with all available tables of tlie same functions, 
the result being to bring to light a number of hitherto unrecorded errors in the 
comparison tables. 

A few of the tables are new, but even though many of them nitty h:i\e been 
published elsewhere, there have not previously been such convenient and compre¬ 
hensive collections. In addition to logarillims and antilogarithms, they include 
trigonometric functions for sexagesimal, decimal, and radian arguments, natural 
logaritlims, exponential and hyiierbolic functions, inverse circular and hyper- 
lioiic ftmctiims, as well as powers, roots, reciprocals, factors, and interpolation 
coefficients. M;my formulte giving series, deri\-atiyes, integrals, etc., are included, 
ami the explanations, written from the viewpoint of the practical computer,, 
contain much that cannot lie found in theoretical textbooks. 

L.P.L. 


26th October 1949.. 
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THE PREPARATION OF PLANT TISSUE FOR ANALYSIS 

By N. O. Bathurst and R. M. Ai.lisox, Plant Chemistry Laboratory, 
Oepartment of Scientific and Industrial Research, Palmerston North 

{Received for puhlieiition, JO Sovemher J94fi) 

Summary 

Rei)rcsentativc samples of grasses and clovers have lieeii dried and 
extracted liy a number of methods, and the extracts have been analysed for 
chemical constituents which are known to he relatively labile. 

No method of drying has been found that consistently gives results 
comitarable with those obtained with fresh tissue. 

The method of extraction as well as tint of drying has a marked 
effect on the results of a chemical analysis of the extract. 

Introduction 

Tn order to determine the chemical composition of plant material it is 
necessary that the majority of constituents be obtained in solution in 
such a way that extraction is complete aiul that no decomposition occurs 
in the process. A further problem which is frequently encountered is the 
necessity for dealing with .a large number of samples at one time, so 
that a method of preserving, without appreciable change, either the 
original material or a .suitable extract from it is very desirable. The 
wide diversity in current methods of preparation of extracts and of 
preservation of tis.sues is in itself an indication that the problem is very 
far from solution. 

A large proportion of the published analyses of plant material has 
been performed on material which has been dried by one of a variety 
of methods before extraction. The use of dried material i.s undoubtedly 
convenient, as sampling errors are practically eliminated in finely ground 
material, while large numbers of samples can be dealt with in a short 
time. It is obvious, however, that unless the particular constituents have 
survived the drying and extraction processes, i.e., unless the final extract 
is truly representative of the original tissue, false conclusions will be 
•drawn about its composition. In this paper are presented results for 
'different preparative and extractive procedures. In making a selection 
■of constituents for analysis special attention has been paid to labile and 
metabolically active materials; the choice of tissue was governed largely 
by the interest of the Plant Ghemistry Laboratory in the chemistry of 
grasses and clovers which have the: advantage of ea.sy sampling while 
fresh. 
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Methods of Drying 

Electric Oven Drying: 

The oven was of the electrically heated, forced draught type and was 
operated at 80° ± 2°c. Its efficiency was such that a 100 to 500 g. sample 
could be dried in 30 to 45 minutes. 

Gas Oven Drying: 

The oven was maintained at a temperature of about 60°c. by a series 
of small gas jets below the trays. Air movement was by convection only. 
A 500g. sample took about 24 hours to dry. 

Flash Drying: 

Drying took place in an inverted cone 22 in. high, 12 in. in diameter 
at the top and 2 in. at the bottom. A strong current of hot air was 
produced by a gas blow pipe operated at the intake of a centrifugal fan 
which was connected to the lower end of the cone. The material to be 
dried was placed either in 100 g. samples directly into the cone or in 
50 g. samples in a wire mesh basket which fitted the top of the cone. At 
the beginning of drying the temperature measured at the base of the cone- 
w’as adju.sted to 200°c. and maintained at that temperature for two- 
minutes. It was then lowered to 160°c. for the final two minutes of the 
process. A later improvement in the efficiency of the apparatus for the 
last fiash drying reported in this paper enabled 200 g. to be dried in the 
cone in one batch. The temperature was maintained at 200°c. for two- 
minutes and at 160°c. for three minutes. 

Freeze Drying: 

In the earlier experiments an all glass apparatus was used consisting 
of a desiccator to the tubulature of which was attached a condenser 
cooled by solid COo and alcohol. The tissue was place in the desiccat(jr, 
the apparatus was evacuated to remove gases from the tissue and the 
condenser then filled with the refrigerant mixture. 60 to 80 g. of tis.sue 
could be dried in seven to ten hours. Later .samples were dried in a 
locally made freeze drier with a condensing chamber maintained between 
-40° and -45°c. by a small commercial refrigerating unit. A manifold 
11-in, in diameter connected to the chamber ended in four openings to* 
which quart size milk bottles containing the tissue could be attached. 
By using four bottles in an air bath maintained at 30°c., 500 g. of fresh 
tissue could be dried at a time. Drying was practically complete in 24 
hours but was usually continued for 4B hours. With each equipment 
a vacuum of about 0.05 mm. could be maintained and the temperature 
of the tissue during drying was below -20°c., so that the tissue remained 
frozen until dehydration was practically complete. 

All dried samples were ground to pass 1mm. mesh sieve in a small 
hammer mill, aiul w-ere stored in tightly stoppered jars. The residual 
inoistui'e content was about 5 per cent for all drying methods. 

Methods of Extraction 

For the estimation of soluble nitrogenous and carbohydrate con¬ 
stituents the following methods of extraction were used. For ascorbic 
acid, carotene and peroxidase, special methods of extraction as described 
under *‘Methods of Analysis” had to be employed. 

Cold Water: 

Following the method of Reifer and Melville (1), 20 g, fresh or 3 g. 
dry material were placed in a screw capped. Waring Blendor container 
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with 50 g. of ice chips, 10 ml. ether, and 50 ml. water. After blending 
for 2.} minutes a further 50 g. ice was added and blending wa.s continued 
for a further 2i minutes. The contents of the blendor were made up to 
250 ml. with the addition of a drop of capryl alcohol, if necessary, tO’ 
reduce frothing. After an aliquot of 25 ml. was taken for sugar estima¬ 
tions, 0.3 ml. acetic acid was added to the remainder which was remixed 
and centrifuged. The supernatant liquid was used for the estimation of 
the soluble nitrogen compounds. 

Hot IVcitcr: 

ln)r fre.sh material; 20 g. leaves were placed into 200ml. boiling 
water and the boiling was continued for three minutes. The contents 
of the beaker were then transferred while hot to a Waring Blendor, 
blended for three minutes, cooled and made up to 250 ml. An aliquot was 
then taken for sugar estimations and the remainder cleared with acetic 
acid as for the cold water extract. 

For dried material: 3 g. ground material were placed in a 250ml. 
volumetric flask and about 200 ml. water at 80°c. added. The flask w^as 
then shaken for 10 minutes in a water bath maintained between 80° and 
85°c. The extract was cooled, made up to 250 ml. and treated as before. 
This extraction is essentially that of Vickery ct al. (2). 

Cold Alcohol: 

20 g. fre.sh or 3 g. dry material were blended for three minutes in 
the Waring Blendor with 200 ml. alcohol. Eighty-seven per cent alcohol 
was used for fresh tissue and 80 per cent for dry, so that in each case 
the final alcohol concentration was 80 per cent. The contents of the 
blendor were then made up to 250 ml. with 80 per cent alcohol and 
centrifuged. Two hundred millilitres of the clear extract, to which 
about 25 ml. of water was added, was then concentrated in zmeuo until 
all the alcohol was removed. The contents of the flask were again 
brought to 200 ml. with water and the extract centrifuged. 

Hot Alcohol: 

20 g. fresh or 3 g. dry material were boiled for three minutes with 
200 ml. alcohol (87 per cent for fresh, 80 per cent for dry tissue). This 
was followed b}- blending for three minutes in the case of fresh material 
but for the dried samples blending was omitted. The extracts were 
cooled, made up to 250 ml. with 80 per cent alcohol, and then treated as 
for cold alcohol extracts. 

Alcohol Preservation 


Cold: 

20 g. fresh material were placed in a stoppered jar with 200 ml. 
87 per cent alcohol, and the lid was screwed down tightly. At the end 
of the preservation period, either seven or eight days, the contents Were 
blended for three minutes, made up to 250 ml. with 80 per cent alcohol 
and then treated as the other alcohol extracts. 

Hot: 

20 g. fresh material, were put into 200 ml. boiling 87 per cent alco¬ 
hol in a jar, boiling was continued for three minutes, and the lid screwed 
down tightly. After either seven or eight days the sample was treated 
as for the cold alcohol preservation. . ^ ^ ^ ^ ^ ^ ^ 
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Methods of Analysis 

Ascorbic Acid: 

10 g. fresh or 2 g. dry material were blended for three minutes with 
250 ml. (accurately measured) 3 per cent metaphosphoric acid. The 
extracts were filtered through glass wool and 10ml. (or other suitable 
aliquot) titrated with 2:6-dichlorophenolindophenol. The amount of 
water in the sample was added to the volume of extractant in calculating 
the amount of material corresponding to the aliquot used. 

Peroxidase: 

Following the procedure of Morris, Weast and Lineweaver (3j, 
2 g. fi-esh or 0.5 g. dry material were blended for three minutes with 
200 ml. 2 per cent NaCl. The extract was filtered through glass wo )1 
and diluted to a suitable concentration. Into a colorimeter test tube were 
placed 1 ml. ^ buffer (pH 5.6), 1 ml. 2 per cent guaiacol, water to 
bring the final volume to 10 ml, a suitable aliquot of the extract, and 
finally 1 ml. 0.15 per cent H^Oa. The tube was immediately placed in 
the colorimeter (Coleman Universal Spectrophotometer, Model 11), and 
the absorption measured at one minute intervals using light of 420 m/.(, 
wavelength. The average increase in optical density per minute between 
the one minute and four minute readings was taken for the calculation 
which was based arbitrarily on colorimeter units per mg. of material. 
Although the results are expressed in arbitrary units they are comparable 
amongst themselves for different materials and different treatments. 
Carotene: 

10 g. fresh or 2 g. dry material were blended for three minutes with 
50 ml. 20 per cent KOH, 300 ml. 95 per cent alcohol were added and the 
blending continued a further three minutes. The mixture was then 
transferred to a conical flask, refluxed for 20 minutes, and cooled. 
After the addition of 50 ml. water the contents of the flask were made up 
to 500 ml. with 95 per cent alcohol. An aliquot of 50 ml. was extracted 
with petroleum ether several times, the ether extract being then washed 
with water, passed through a column of CaHPOj and made up to 100 
ml. The optical density was measured at 450 ni/u, and compared with that 
of )S-carotene. 

Ammonia Nitrogen: 

A suitable aliquot (20 to 50 ml.) of the extract prepai-ed as described 
in the section “Methods of Extraction” was distilled in vacuo with 
phosphate-borate according to the method of Pitcher ef al. (4 ). The 
ammonia was collected in 20 ml. 0.01 n. HCl and measured with hypo- 
bromite and thiosulphate (5). 

Glutamine Amide Nitrogen: 

5 ml. extract with 10 ml. phosphate buffer (pH 6.5) was heated in 
a boiling water bath for two hours according to the method of Vickery 
ct af. (6). The increase in ammonia due to the hydrolysis was attributed 
to glutamine and calculated as nitrogen. 

Asparagine Amide Nitrogen: 

Following Pucher ct ah (4) 5 ml. extract with 1ml. On.H-jSO^ was 
heated in a boiling water bath for two hours, and the ammonia nitrogen 
was measured. The difference betMxen this and the ammonia 4- gluta¬ 
mine amide nitrogen was attributed to asparagine. 
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Amino Nitrogen: 

The residue from the ammonia determination was acidified and made 
up to a definite volume (between 20 and 50ml.). 5ml. aliquots were 
used for measurement of amino nitrogen in the V'an Slyke manometric 
apparatus by the nitrous acid method. I'rom the amount of amino-N 
found in this way 80 per cent of the glutamine amide-N was subtracted, 
in order to allow for the abnormal behaviour of glutamine under the con¬ 
ditions used for the estimation. 

Total Soluble Nitrogen ( TS.N. ): 

1 ml. (or 0.5 ml. ) extract was digested for 30 minutes with H 2 SO 4 
with phosphomolybdic acid as catalyst. The ammonia was then distilled 
ofi" in a Parnas-Wagner apparatus, collected in 0.01 n. H.jSOt and 
titrated with hypobromite and thiosulphate. 

“Ideniifiable” A'itroyen: 

Is the sum of the ammonia-N, amide-N and amino-N. 

“Rest” Nitrogen: 

Is the difference between T.S.N. and ’‘Identifiable” nitrogen. 

Total Nitrogen: 

5 g. fresh or 0.5 g. dry tissue was digested with 20 ml. HoSO., with 
copper as catalyst, and the ammonia distilled off, using the usual macro- 
kjeldahl method. 

Reducing Sugars: 

The 25 ml. aliquot taken before precipitation with acetic acid was 
■diluted to 100 ml. Aliquots of 3 ml. were taken for analysis by the ferri- 
cyanide method ( 7) using cadmium hydroxide as clearing agent (8). 
Reducing sugars were calculated as glucose. 

Disaccharides: 

50 ml. of the diluted extract as used for reducing sugars was inverted 
by the method described by^ Reifer and Melville (1). xAfter inversion 
the volume was made up to 100 ml. and a 3 ml. aliquot was taken for 
clearing and analysis. Cold aqueous extracts from fresh and freeze dried 
material were always heated at 100°c. for three minutes before inversion 
to prevent extraneous enzymatic action. From the figure thus obtained 
for reducing sugars after inversion (expressed as glucose) was sub¬ 
tracted that previously obtained for reducing sugars, and the difference 
was taken as disaccharides. 

Water: 

5 g. fresh or 1 g. dry material were dried in a vacuum oven at 65°c. 
For fresh material the drying time was five hours and for dried material 
two hours. The loss in weight was taken as water. 

Results were in most cases calculated to two significant figures and 
were always expressed as the amount of the particular constituent 
present in the dry matter. 

Results 

Effect of Different Methods of Drying on Various Constituents: 

In the first experiment perennial ry'^egrass, red clover, and white 
clover were driM under various conditions, the extracts in each case 
being compared with those prepared from fresh material by the cold 
water technique. Six constituents of widely different nature, viz, 
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ammonia, glutamine, reducing sugars, ascorbic acid, carotene, and peroxi¬ 
dase, were chosen for analysis. Estimations of carotene were later dis¬ 
continued and were replaced by estimations of total sugars. 

As soon as the sample was cut in the morning an aliquot was pre¬ 
pared in the Waring Blendor for immediate analysis. Samples for 
electric oven drying were of 100 g., while those for freeze drying in the 
smaller apparatus were of 60 to 80 g. Flash drying was carried out on 
100 g. samples, in one operation when dried in the cone and in two 
operations when dried in the basket. Dried .samples were analysed within 
a few days of preparation, the extractions for ammonia, glutamine, anri 
sugars being by the cold water method. The results are given in Table I, 
all A'alues being calculated on a dry matter basis. 


Table I. 


Tissue. 

Treat¬ 

ment. 

NHjj-N 

mg. 

per cent. 

Gluta¬ 

mine 

Amide-N 

mg. 

per cent. 

Ascor¬ 

bic 

Acid 

per cent. 

Pero.xi- 

dase 

units per 
mg. 

Caro¬ 

tene 

mg. 

per cent. 

Reduc¬ 

ing 

sugars 
per cent 

Disac¬ 
charides 
per cent. 

Perennial 

Fresh 

4-1 

26 

•82 

7-0 

54 

4-4 

n.d.* 

Rvejrrass 

El. Oven 

14 

21 

•20 

1-9 

41 

3-9 


li/10/46 

Freeze 

7-4 

28 

•46 

2-8 

40 

4-6 


Perennial 

Fresh 

5-6 

22 

•71 

5-8 

54 

3-1 


Rvegrass 

El. Oven 

6-2 

16 

•21 

2-0 

41 

3-7 


14/10/46 

Freeze 

10 

18 

•58 

5-9 

45 

4-6 


Red 

Fresh 

7-7 

19 

•64 

29 

35 

4-6 


Clover 

El. Oven 

26 

22 

•10 

3-6 

43 

5-1 


22/10,46 

Freeze 

12 

27 

•34 

23 

45 

5-7 


White 

Fresh 

3-4 

12 

•92 

59 

53 

5-1 


Clover 

El. Oven 

11 

12 

•28 

33 

41 

4'5 


24/10/46 

Freeze 

4-0 

15 

•73 

63 

47 

4-4 

.. 

White 

Fresh 

3-2 

4-7 

•88 

58 

46 

7-0 


Clover 

: El. Oven! 

8-0 

1 SO 

•42 

35 

36 

6-4 


21/11 '46 

Flash 1 

5-2 

1 13 

•64 

2-5 

34 

4-8 


■ 


6-3 

12 

•59 

3-7 

37 

5-2 



,, 

4-4 

23 

•67 

2-4 

38 

4-6 




3-8 

9-2 

•63 

2-2 

37 

4-0 


Perennial 

Fresh 

2*3 ' 

5-3 

•71 

4-8 i 

n.d.* 

2-6 

1-0 

Rvegrass 

El. Oven 

4-8 

7-2 

•25 

-82 


2-6 

1-2 

28/11/46 

Freeze 

3-3 

8-5 

•54 ' 

2-9 


2-7 

1-0 


Flash 

4-4 

26 

•54 

•03 


2-1 

1-3 



4-6 

27 


0 


2-1 

M 

Red 

Fresh 

4-1 

12 

■60 

21 


3-2 

0-9 

Clover 

El. Oven 

16 

2-0 

•08 

3-9 


3-5 

1-0 

29 11/46 

Freeze 

4-2 

8-8 

•25 

21 


5-1 

0 


Flash 

5-6 

41 

•09 

•20 


3-1 

1-0 


,, 

i 4-8 

9-2 

•08 

•22 


3-0 

0-8 



5-9 

7-1 

•07 

•22 


2-9 

0-7 



5-9 

3-6 

•08 

•21 


2-8 

0-8 

Brown 

Fresh 

16, 

33 

•74 

12 


1-7 

3-1 

Top 

El. Oven 

15 

20 

•28 

2-1 


1-4 

3-1 

6,12 46 

Flash 

8-1 

1 .a 

•49 

8-0 


M 

3-3 


* n.d, = no determination. 
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Marked differences are apparent between fresh material and that 
dried in various ways. Ammonia shows an increase on drying in all 
cases except for brown top, a result in conformity with other results 
from the Plant Chemistry Laboratory (1). Drying in the electric oven 
gives the highest values while flash and freeze drying cause only slight 
increases over the fresh tissue. Glutamine values are more erratic. This 
is particularly true for flash dried tissue, the values for which on different 
aliquots of the same tissue show marked variations. The writers are 
unable to explain the occasional discrepancies shown by the legumes but 
the difference between fresh and oven dried samples on the red clover 
of 29th November 1946 is in line with other results they have obtained. 
Tt would appear that under certain environmental conditions both red 
and white clover contain substances which interfere with the estimation. 

Ascorbic acid is lower in the dried materials, the extent of the de¬ 
crease varying markedly with the method of drying. In general, freeze 
drying causes the least destruction, oven drying the most, with flash 
drying in an intermediate position. The results are in agreement with 
those obtained in vegetable dehydration. 

Peroxidase activity is not seriously affected by the freeze-drying 
process but is markedly decreased by heat. However, even in flash dried 
samples complete inactivation is achieved in only one case, while in oven 
dried tissues as much as 50 per cent of the activity is retained. It is of 
interest that in the case of at least this one enzyme complete inactivation 
during dehydration bv heat is not attained. 

Values for carotene and the sugars vary much less than those for 
the constituents already discussed. The former in general shows some 
slight decrease on drying but differences between different methods of 
drying are scarcely significant. No consistent variation is seen in the 
sugar values which are fairly satisfactory for all methods of preparation, 
except that there is a tendency for reducing sugars to be decreased by 
flash drying. P'reeze dried red clover (22nd November 1946) provides 
an interesting exception to the general rule in that the disaccharide com¬ 
ponent has apparently been quantitatively hydrolysed to monosaccharide. 
Kurssanov (9) has shown that invertase action is possible at tempera¬ 
tures below 0°c., but the writers can give no explanation as to the rea.son 
for complete hydrolysis in one case only. 

In the second experiment two species only were used, the analyse.^ 
were confined to ammonia, glutamine, and sugars, and all methods 
of drying were employed. Results are shown in Table IT and are in 
general agreement with those of the previous experiment. 

For the remainder of the investigation, analyses were confined to the 
soluble nitrogenous compounds and groups, and to the soluble carbo¬ 
hydrate, while the effect of extraction procedures was superimposed on 
the effect of different methods of dr>dng. A 2 kg. sample of perennial 
ryegrass was cut from a plot which had been heavily fertilized a week 
previously with a complete fertilizer mixture containing ammonium sul¬ 
phate. The sample, which was composed of leaves from two to three 
inches in length, was a very even one and sampling errors were reduced 
to a minimum. The tissue was divided into five lots of 400 g. each, four 
of these being dried by different methods. Electric oven drying was 
complete in 50 minutes at 80°c., while gas oven drying took 24 hours 
at 50 to 6d°c. Flash drying was perfonned in two batches of 200 g. each. 
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tlu‘ temperature being held at 200°c. for two minutes followed by 16()°i:. 
for three minutes. Freeze drying was done in the larger model with 
mechanical refrigeration. The dried samples were ground, stored in 
tightl}- stoppered bottles, and analysed within a few days. 

The fifth 400 g. sample was cut into -i in. lengths, remixed and 20 g. 
sub-samples taken for extraction with hot and cold water and alcohol 
respectively. Two additional stibsamples of 20 g. each were stored in 
hot and in cold alcohol respectively. Results are shown in Table III, total 
nitrogen estimations being included as a check on sampling errors. 

It is obvious from the table that differences due to extraction methods 
vxist along with the differences already noted for preparative procedures. 
Striking differences are apparent in the ammonia found in the different 
■extracts. On fresh material hot extraction yields much more ammonia 
tlian does cold, while the alcohol extracts are both lower in ammonia 
than the corresponding water extracts. I'or each of the dried .samples, 
the same relationship holds although as would be expected the dififerences 
are much smaller. Again freeze drying gave ammonia values much 
closer to those of the fresh extract than did the other drying procedures. 
Both preserved samples .show increases in ammonia comparable with 
those prepared by heat dehydration. 

Glutamine values are again erratic, with apparent losses on flash and 
■oven drying, but the differences between different extraction procedures 
on the same sample are relatively small.. The asparagine values show 
large but fairly consistent variations. Cold water, hot water, and cold 
alcohol extractions on the fresh material indicate that the true aspara¬ 
gine figure is about 10 mg. per cent. After drying by any method the 
figure A’aries between 50 and 80 mg. per, cent while preservation in hot 
or cold alcohol increases the value to 130 mg. per cent. 

Amino nitrogen values for fresh, preserved, electric oven dried, and 
freeze dried samples are reasonably constant with no apparent bias in 
favour of any extraction method. I'lash dried samples are low while 
the long drying period in the gas oven is reflecteil in high values. 

The difference between alcohol and water extractions is shown most 
clearly in the total soluble nitrogen figures. In all cases, with the excep¬ 
tion of the gas oven samples, alcohol extracts less total nitrogen than 
does water, both in the cold and in the hot. This is reflected in the 
" Rest-N ” values. In fresh and freeze dried samples the sum of 
lunmonia-N, and amide-N, and amino-N of alcoholic extracts is very 
close to the T.S.N. of those extracts, while the “ Rest-N ” figures on the 
alcoholic extracts of electric oven dried and flash dried samples are 
markedly less than those for the corresponding water extracts. The 
values for gas oven samples lead to the conclusion that considerable 
proteolysis has taken place during the long drying period. 

The decrease in reducing sugars on flash drying which is noticeable 
in Tables I and II is again obvious, while there is a corresponding in¬ 
crease in disaccharides. In general, methods of extraction appear to 
cause less variation than <lo methods of preparation. 

The final experiment was designed to extend the results of Table III 
to the other pasture species, viz, Italian ryegrass, cocksfoot, red clover, 
and white clover. The perennial ryegrass sample came from the same 
plot as had been used for the previous experiment, but 17 days later. The 
same analyses were performed as before but in order to bring the number 
of individual analyses to practicable proportions, the preparative and 
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HA = Hot Alcohol 
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Disac¬ 
charides 
per cent. 
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M Ct CI Cl Cl Cl Cl 
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per cent. 
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2 

2 

1 

9 

0 

3 
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40 
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20 
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0 
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60 

80 

40 
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195 
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20 
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-N 

mg. 

per cent. 

180 

ISO 

210 

210 

220 

190 

190 


2xoxc®o 
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240 

270 

2.30 

370 

290 

290 

260 

260 

290 

280 

330 

290 

270 

270 

T.S.N. 

mg. 

per cent. 

270 

220 

2(K» 

4fi0 

320 

320 

210 

200 

150 

160 

350 

240 

220 

210 

330 

230 

220 

450 
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300 

200 
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250 
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125 
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Amide-K 
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15 

18 
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7-8 
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4- 3 

13 

9-6 
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31 
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X ® X -1 Tp 4 . « 

N — 

I§ 

Water 
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Alcohol 

Water 

Alcohol 

Water 

Alcohol 

Water 

Alcohol 

Alcohol 

Water 

Alcohol 

Water 
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Water 

Alcohol 
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Water 
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Water 

Alcohol 

Water 

Alcohol 

Alcohol 

Water 
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Water 

Alcohol 

Water 

Alcohol 

Alcohol 

Water 

Alcohol 

Water 

Alcohol 

Tutal 

N 

per cent. 

X X 

X XX 

4-1 

3-9 

3-7 

« . ® ® 

1C V 

X XX 

in in in 

tc »C IC 

*0 « 

1 

I 

1 

Fresh 

Preserved 
Kl. oven 

Freeze 

Fresh 

Preserved 
El. oven 

Freeze 

: Fresh 

Preserved 
El. oven 

Freeze 

, Fresh 

Preserved 
El. oven . 

Freeze 

Fresh 

Preserved 
El. oven 

Freeze 
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extraction procedures were much curtailed. Flash and gas oven drying 
were omitted for reasons which are apparent from previous tables. It 
was also considered justifiable to omit one alcohol and one water extrac¬ 
tion, retaining hot alcohol extractions in all cases and hot water 
extraction for oven dried material. For fresh and freeze dried materials 
cold water extractions were used largely on account of the ammonia-N 
determinations. Preservation was by hot alcohol only and the samples 
were analysed after eight days. 

Results are shown in Table IV. 

The ammonia and glutamine fifiures require no comment other than 
to draw attention to the continued and unexiiected \ariation which is 
apparent in the latter. The inexplicable variation in asparagine noted 
in I'able 111 is again in evidence with perennial ryegrass but is showm 
neither by the other grasses nor by the clovers. Total soluble nitrogen 
is highest in all cases in the aqueous extract from oven dried material, 
the next highest values being given by alcoholic extracts of the same 
material. The increase in oven dried w'hite clover is particularly marked. 

“ Rest ” nitrogen values parallel those of soluble nitrogen, while sugar 
values show no unusual features. 

Discussion 

It is significant that, with the multiplicity of preparative and ex¬ 
tractive procedures reported in the literature, there are few comparisons 
of these procedures as applied to the analysis of various constituents. 
Collins and Shorland (10) inve.stigated different methods of preserva¬ 
tion of ryegrass, viz, boiling alcohol, boiling water, freezing at -9°c., 
-22°c., air drying at 35°c., 70°c., 105°c., and 120'’c., and bottling. 
These workers were concerned with preservation rather than extraction, 
and used as criteria ascorbic acid, phosphatides, free fatty acids and 
sugars, materials which except for ascorbic acid are less labile than many 
of the nitrogenous constituents used in the present investigation. Their 
results and those reported in this paper are thei'efore not comparable. 
Most workers are interested in the variation of one or more metabolites 
under different environmental or cultural conditions, and recognized 
methods of preparation and analysis are adapted to the problem, without 
too close an enquiry into the values which might have been obtained by 
the same analytical procedure applied to extracts prepared in other ways. 
This approach is in general justified since, as each analysis is done on 
material prepared in the same way, systematic errors will be of the same 
order of magnitude throughout. Thus, providing certain safeguards are 
applied, differences between anal>dical results are a reflection of real 
differences in concentration of the constituent in question. Nevertheless, 
the results reported in this paper show what care must be exercised in 
interpreting the results of indirect analytical procedures for single con¬ 
stituents or groups of con.stituents. 

The variation in the ammonia values under different preparative 
procedures has already been the subject of investigation in the Plant 
Chemistry Laboratory (1), and further work on the ammonia precursors 
in plant tissues is in progress. All tables show clearly the large varia¬ 
tions which may be expected, not only by different drying procedures 
but by different extraction methods on the same material. 

The amides glutamine and asparagine show larger variations than 
had been expected. The former is notably unstable, being hydrolysed 
under conditions which have little' effect on asparagine, but the work of 



1949) Bathurst and Allison—The Preparation of Plant (2)13' 

TISSUE FOR Analysis 

\'ickery, Chibnall and their collaborators has defined fairly clearly the 
conditions under which extracts can be prepared without serious loss 
(jf this constituent. For instance, the times and temperatures of diyinjj;^ 
in the electric oven, viz, about 30 minutes at 80°c. for most samples, 
certainly causes only minimal changes in glutamine. Similar conclusions 
can be drawn with regard to freeze drying where, despite the length of 
time required for complete dehydration, the temperature of the tissue 
is below -20°c. and whatever water is present exists as ice. I'urther. 
there is no reason to suppose that the methods of extraction are in any 
way inadequate, or that significant amounts of glutamine are left behind 
in the residues. It would be expected therefore that glutamine values 
would lx- relatively consistent in so far as fresh, electric oven and freeze 
dried samples are concerned. The re.sults show that this is not the case 
and that large variations do occur. 

Unquestionably part of this variation is due to the variation in free 
ammonia values, an effect which is particularly well demonstrated in 
Table HI. Here the sum of ammonia and glutamine on fresh, electric 
oven and freeze dried samples varies for all methods of extraction 
within relatively close limits, viz., 90 to 130 mg. per cent. Omitting the 
alcoholic extractions on oven dried tissue these limits are narrowed to 
110 to 130 mg. per cent. For reasons detailed elsewhere (1), it is believed 
that the diff'erence in ammonia values between extracts of fresh and oven 
dried material is not due to glutamine breakdown, and hence for this 
particular sample the true glutamine figure is probably that shown under 
" electric oven,” viz, about 75 mg. per cent. 

This explanation, however, does not cover all cases. The clover 
samples are notabh- erratic throughout and the writers believe that in¬ 
dependent methods of analysis must be used before any true estimate 
can be formed of the glutamine concentration in these tissues. 

Attention has alreach' been drawn in the discussion of Table TIT to 
the anomalous behaviour of asparagine amide-N when perennial ryegrass 
is dried or preserved in alcohol. ObviousW these relatively gentle pro¬ 
cedures have resulted in the production of “ amide ” groups from some 
constituent or constituents which were originally resistant to hydrolysis 
by N.H 2 S 04 . No evidence as to the nature of these constituents can 
be given but it seems highly improbable that the true asparagine content 
should rise from one per cent of the total soluble nitrogen to 10 per cent 
as a result of oven drying or to nearly 20 per cent by preservation in 
alcohol. 

This anomalous behaviour of asparagine araide-N is apparently 
confined to perennial r}^egrass among the tissue examined. However, the 
values for Italian ryegrass are by no means satisfactory and the general 
conclusion is that this indirect determination on a complex tissue, such 
as a green leaf, leaves much to be desired. Definite evidence for the 
inadequacy of indirect methods of amide analysis comes from the work 
of Vickery and collaborators on tobacco stem tissue (11), and their 
comments are valid for tissues other than tobacco. Rhubarb tissue which 
was fully investigated by the same workers (12) furnishes still further 
evidence of the difficulties presented by ammonia and by the constituents 
yielding ammonia on mild hydrolysis. The present investigation supports 
their repeated warnings as to the validity of current procedures. 

The lack of qualitative knowledge of green leaf extracts is shown 
in the columns headed amino-N,. total soluble-N, reducing sugars, and 
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<lisaccharicles. In all cases complex groups of compounds are collected 
together by virtue of their possession of one or another common pro¬ 
perty, but very little is known of the individual compounds or of the 
extent to which the various compounds in the group contribute to the 
group figure. 

The peroxidase estimations shown in Table I are of importance in 
that they demonstrate that enzymes can survive heat dehydration pro¬ 
cesses. The assumption has been made by several investigators that oven 
dr^dng at temperatures close to 100°c. causes rapid inactivation of the 
enzymes present in plant tissues. This is obviously incorrect for peroxi¬ 
dase, while other evidence collected in the Plant Chemistry Laboratory 
shows that enzyme complexes involved in the production and trans¬ 
ference of ammonia are not entirely inactivated by oven drying. More¬ 
over, there is probably a period during oven drying when the condition 
of the tissue is favourable for enhanced enzyme activity. 

Addendum 

This paper had been practically completed when the paper by Davies, 
Evans and Evans (13) appeared. These workers also recognize the 
limitations of existing methods of drying and preservation and describe 
in detail the method of freeze drying as applied to pasture species. 
While the writers agree that freeze drying possesses many advantages 
over other methods of dehydration, they feel that the evidence presented 
in this paper does not justify the assumption that freeze dried tissue is 
identical with fresh, and they believe that frequent check analyses against 
fresh extracts are desirable. 
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OBSERVATIONS OF ScS NEAR AN EARTHQUAKE 
EPICENTRE 

By R. A. Garrick, Dominion Observatory, Department of Scientific 
and Industrial Research, Wellington 

(Rci'ek'cd for publication, 14 October 1948) 

Summary 

This paper records observations of ScS at three stations for the 
earthquake of 1948 January 15d 05h 01m 44s U.T. (at epicentral distances 
of 0“.92, 2^.23 and 3'’.45) a range that, so far as is known, is barren of 
observational material for this phase. 

Usually ScS is not recognizable in seismograms with epicentral dis¬ 
tances less than about 10°. Although, for some years a watch has been 
kept on the local seismograms analysed at the Dominion Observatory, 
Wellington, for the occurrence of ScS at short distances, the first time 
that its appearance has been definite was for the earthquake of 1948; 
except that, for the deepest focus yet encountered for the New Zealand 
region, 1942 June 27d at a depth of approximately 400 km., an ScS 
was recorded at 2°.25 at Auckland. From a search of the seismological 
literature at the Dominion Observatory, three references to recordings 
of ScS at short distances for very deep earthquakes were found. Wadati 
( 1933) gave evidence for ScS at 6°.5 for the 300 km. deep earthquake 
of 1932 November 13d. Berlage (1937) refers to the excellent records 
of ScS at Amboina; and again the same author (1939) gives evidence 
of ScS at Amboina at 3°.5 for a 400 km. earthquake in the Banda Sea 
on 1938 April 4d. Lastly, Visser (1937) shows a seismogram of ScS 
at 5°.l for Amboina for a 700 km. deep earthquake on 1934 June 29d. 

Knowledge concerning S waves reflected from the core appears to 
date from the early 1930’s. Jeffreys (T944-4Sa) states that “ . . . the 
first published readings of them (PcP and ScS) seem to have been in 
a paper on a deep focus earthquake by 1'. J. Scrase (1933), in which 
the surface waves were small, and Gutenberg and Richter have recently 
found them readable in normal earthquakes on the records made by short 
period instruments. Their existence is decisive evidence that the core 
boundary is a discontinuity.” Tillotson (1939) observed ScS exten¬ 
sively on seismograms from 8°.9 to 101°.5 and it is from these and 
similar studies that the phase is known. Jeffreys and Bullen (1940) 
however, in their travel-time tables, tabulate ScS from 0° to 100*^. 

This paper records obser\-ations of ScS at three stations for the 
earthquake of 194S January 15d 05h 01m 44s U.T. at epicentral dis¬ 
tances of 0°.92, 2°.25 and 3°.45, a range that, so far as is known, is 
barren of observational material for this phase. 

This earthquake was felt quite widely over New Zealand as is evi¬ 
dent from the isoseismal map shown in Fig. 1. The maximum inteiisity 
of VI, estimated on the Modified Mercalli Scale of 1931, was felt in the 
Wanganui District. A notable feature is the favourable transmission of 
the energy along the main structural axis of the eastern districts of the 
North Island and the consequent extension of the felt area often noted 
wi isoseismal maps of New Zealand earthquakes. The routine epicentre, 
as published in the monthly P-Bulletin issued by the Dominion (!)bser\’'a- 
tory, Wellington, was detenniiied as 40°.35S r75°.0E, using travel-time 
curves based upon those of Wadati for . Japan and modified slightly for 
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New Zea1an<3 conditions. The depth thus found to give the best solu¬ 
tion was 80 km. The magnitude of the shock as calculated from the 
recorded amplitudes on “standard” Wood-Anderson seismographs 
(Gutenberg and Richter 1942) was M — 5.5. 

An endeavour was made to collect all possible information relating 
to this earthquake and the writer is pleased to be able to acknowledge 
very active co-operation from overseas, institutions. The results of this 
survey show that hine^ seismological institutions outside New Zealand 
recorded phases that were capable of interpretation, viz. Riverview and 
Brisbane in Australia, and seven stations in the Pasadena network of 
California. 
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New Zealand observations are set out in Table 1:— 
Table I 


Station. 

Phase. 

G.M.T. 
h. m, s. 

Semi- 

Amplitude. 

(mm.) 

Estimated 
Time .Accuracy, 
(sec.) 

Seis. 

Type. 

Wellington 

iP 

05 02 04-5 

22-5 

+ i 

W-A 


is 

18 

67-5+ 




ScS 

16 54-5 

0-5 



XcAv Plvmouth 

iP 

05 02 10 

28-5 


W-A 


iS 

29 

63 -f 



Tuai 

iP 

05 02 18 

17-.S 


W-A 


iS 

45 

70-5 




ScS 

16 56 

0-4 



Kaimata 

eP? 

05 02 37 

4 


W-A 


S 

03 17 

11 + 

, 


Christchurch 

iP 

05 02 09 

8 

±l 

W-A 


S 

03 21 

22 4- 



.\ucklancl 

eP 

05 02 34 

6-1 

4-2 

M-S 


S 

03 14 

37 




ScS 

16 57 

0-5 

(recognizable as short 





periods among 

surface 





wave periods rather than 





as distinctive amplitudes) 


W-A = Wood-Anderson seismograph of natural period approx. O-S sec. 
M-S = Milne-Shaw seismograph. 


It was thought desirable to re-detenuine the epicentre using the 
Jeffreys-Bullen tables. It will be noticed that the three nearest stations 
all record iP and iS, the intert^als in each case being measurable to the 
nearest 0.5 sec. Also, there is little reason to believe that the absolute 
times at these stations are in error bi' more than one second. Thus quite 
an accurate epicentre was found using these three stations; the other 
three stations also provided arcs based on less accurate information 
which, nevertheless, reliably confirmed the solution. The depth that pro¬ 
vided the best solution was h/R == 0.005. Assuming a crustal thickness 
for New Zealand of 33 km. and following Bullen (1947), 

" h/R = 0.10 = 634 km. below the crustal layers.” 

Thus h/R = 0.005 32 km. 

The depth of the focus from the surface of the earth is 65 km. Apart 
from the uncertainty in the value assumed for the crustal thickness in 
the region of Wanganui this depth is regjirded as accurate to ± 15 km. 

Unexpectedly, the epicentre as determined by using Jeffreys-Bullen 
curves is precisely that obtained by using the “ modified ” Wadati 
curves, although the solutions were made six months apart and quite 
independently of one another. This provides good confirmation of the 
accuracy of the “ B ” class epicentres as publi^ecl monthly in the Local 
Earthquake section of the P-Bulletin of the Dominion Observatory, 
Wellington. The data thus obtained is as follows: 
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Station 

Distance 

Wellington 

.. 0°.92 

New Plymouth 

.. 1°.47 

Tuai 

.. 2°.25 

Auckland 

.. 3°.45 

Kaimata 

.. 3°.46 

Christchurch .. 

.. 3*^.6 


h/R -- 0.005, M = 5.6, H = 05h 01m 44s U.T.; 40°.35S 175°.0K. 

From this epicentre, geocentric distances were computed to the nine 
overseas Observatories that recorded phase detail, by a method explained 
by Comrie (1938). These are given in Table II below, as are all the 
measured phases on the overseas seismograms. Observed travel times 
were computed, using the origin time shown above. 


Table TI. 


Geocen¬ 
tric Station. 

Distance. 

Phase. 

Travel 

G.M.T. A. Time. Remarks, 

h. m. s. m. s. 

20 04 Riverview 

iS? 

05 10 01 8 

17 Only definite 

phase di.scer- 
nible, period 
= 7 sec. 

Ground ampi 
= 17/.. 

22 14 Brisbane 

iP 

05 08 37 4 

53 From Benioff 


S 

10 37 8 

53 From Milne- 

Shaw 

96' 22 Pasaclena{N-S) 


Not the slighte st tr ace 


(E-W) 

e 

05 15 08-5 5 13 

24-5 

e 

24 3 

40 


e 

31-5 4 

47-5 


ePP 

18 58-5 4 17 

14*5 


e 

19 09 4 

25 

(U-D) 

iP 

05 15 04-5 9 13 

20-5 

i 

08 9 

24 



20-5 5 

36-5 


e 

32 6 

48 


e 

51-5 7 14 

07-5 


i 

16 06-5 5 

22-5 


ePP 

IS .59 12 17 

15 


V 

19 06-5 11 

22*5 Excellent 

Phase 


e 

19 7 

35 

96 30 Mt. Wilson 

eP 

05 15 05 6 13 

21 


i 

15-5 4 

31*5 


e 

28 3 

44 


iPP 

19 00*5 8 17 

16*5 

96 35 PaIomar(jN-S) 

P 

05 15 06 9 13 

22 Wave Period 

1-4 sec. 


PP 

19 00 9 17 

16 

(E-W) 

eP 

05 15 07 7 13 

23 


i . 

58-5 6 14 

14-5 


e 

19 01 4 17 

17 

(U-D) , 

iP 

05 15 06 26 13 

22 


i. 

28 11 

44 ■; . 


i 

58 11 14 

14 

''' ■ .1 ' ' ■ 

e ' 

16 11-5 8 

.27-5 .• 


iPP 

18 59 10 17 

15 
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Table 11. —Coniinued 


Geocen- 





Travel 

trie 

Station. 

Phase. 

(;.M.T. 

A. 

Time. 

Distance. 



h. m. s. 


m. s. 

9(1 44 

Riverside 

iP ! 05 15 06-5 

10 

13 22-5 



e 

17 

6 

33 



e 

31 

5 

47 



i 

43 

6 

59 



iPP 

19 00 

6 

17 16 



e 

08 

5 

24 



e 

32-5 

4 

48-5 



e 

47-5 

3 

IS 03-5 

97 53 

Hahvee 

e 

05 15 23 

_2 

13 39 

! 

ePP? 

19 07 

3 

17 23 



iPP? 

13 

1 

29 

98 23 

T inemaha 

e 

05 15 23 

2 

13 29 



i 

26 

5 

42 



i 

37 

2 

53 



ePP 

19 13-5 

i 

17 29-5 



e 

22 

i 5 

38 



e 

29 


45 



e 

35-5 

4 

51-5 



i 

55 

3 

18 11 

99 32 

Tucson 

iP 

05 15 20 

'TT 

13 36 

1 

e 

^ 25-5 

8 

i 41-5 

1 

iPP 

i 19 23-5 

8 

17 39-5 


Remarks 


Perfect Phase 


Very small 


Rises to good 
amplitude 


A is the double amplitude in units of 0 • I mm.... it is arbitrar j' for Palomar. 

A plot of the Jeft'reys-Bullen curves for P and PP from 95° to 100° 
is shown in lug. 2. The five stations which recorded P did so very 
precisely, the values lying closely on a curve parallel to both 0.00 and 
0.01 and intermediate to them. This gives a striking confirmation of 
the depth range previously obtained, i.e. h/R = 0.005 ( ±: 0.0025) or 
65 (± 15) km. It is noted that the P waves, having travelled entirely 
across the Pacific Basin, may have arrived a few seconds early. This 
would cause them to indicate a slightly greater depth than the actual 
value for the earthquake when plotted as in P'ig. 2. Such an effect 
appears to be observed! (Gutenberg and Richter 1946; and Bullen 
1948). 

The PP Group, although not recorded with the precision of the P 
Group, is present. No waves of any other type w-ere recorded in Cali¬ 
fornia. 

The comparison of the Jeflfreys-Bullen with the observed times for 
the three Australian phases is shotvn below\ 


Table 111. 


Geocentric 

Distance. 

Observed (O). 

m. s. 

J-B tables (C). 

0-00 
m. s. 

O-Ol 
m. s. 

o 

o 

8 17(iS?) 

8 11-9 

8 02-9 

21° 14' 

4 53(iPl 

4 55-2 

4 49-5 


8 53(S)' 

8 52-9 

8 42-8 
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There is good agreement between the observed and calculated times 
for P at Brisbane. The S phase at Rivervievv is masked in heavy 
micro.seisms and is not particularly impulsive at Brisbane. 

Finally the Jeffreys-Bitllen curves have been plotted for ScS-P 
against S - P and for ScS - P against epicentral distance in Fig. 3. The 
observed values at Wellington, Tuai and Auckland are also plotted in 
Fig. 3. The Wellington P, S and ScS are shown in F'ig. 4, and is 
typical of all three recordings. The Auckland record is from a Milne- 
Shaw seismograph and there the phase is distinctive because of its 
short period in comparison with the surrounding surface waves. The 
appi'oximate periods of the ScS waves at Wellington, Tuai and Auck¬ 
land are 2.0, 1.7 and 2.5 sec. respectively. 

It will be noticeil that the Wellington plot in each case is the most 
inconsistent with the previous findings. Although much more evidence 
would be required to prove it, this non-agreement may be related to 
some inconsistency in the ScS travel-time curve, especially as the slope 
of this curve is changing rapidly between 0° and 1°. 

These close recordings of ScS provide an estimate of the depth of 
the core directly, as the S wave responsible has travelled down to and 
back from the core almost along the same path, and also raise the ques¬ 
tion as to the mechanism by w^hich S waves can survive almost per¬ 
pendicular reflection. Was the reflection in the present case due to the 
sharpness of the discontinuity known as the core boundary below the 
North Island of New Zealand? Or, alternatively, did the reflection 
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appear because of some particular property of the S wave-front, e.g., 
very sharp in onset, because of its generation b\' an extremely sucklen 
impulse ? 

However, it may be concluded that the depth of the core of the earth 
underneath the North Island of New Zealand is close to the normal 
value accepted for the world as a whole ( see jeffrevs 1939a, 1939b, and 
1944-45b). 
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TOXICITY TO HOUSEFLIES OF A FLAT OIL PAINT 
CONTAINING D.D.T. 

By R. A. Harrison, Plant Diseases Division, Department of Scientific 
and Industrial Research, Auckland 

(Rci'civcd for fitbliraiion, 27 .August 194S) 

Summary 

Flat oil ] mints containinji' 5 ])er cent, 2.5 per cent and 1 per cent 
para-imra-isomer D.D.T. were tested against housedies. Paint with 5 per 
cent D.D.T. was found to be lethal to flies and, under conditions of the 
tests, retained its full toxicity for 385 days. The paint with 2.5 per cent 
D.D.T. gave ctmiiiarable results hut that with 1 per cent D.D.T. was nut 
ert’ective. 

It was found that paint films containing D.D.T. were not toxic to 
flies to any extent until D.D.T. crystals formed on the .surface. Once 
these appeared knockdown occurred in relatively short time. 

Any form of light rubhin.g: or brushing initiated crystal formation, 
insects walking across the surface being suificient to start this process. 
C'rystals did not appetir until the surface was disturbed in .some way. 

Introduction 

lnve.stigation.s into the insecticidal action of paints in which D.D.T. 
wa.s incorporated were first carried out by Campbell and West (1944). 
They discovered that both a dry distemper and an oil bound water 
paint containing D.D.T. were toxic to housefiies. A white lead oil paint 
and a synthetic varnish enamel containing D.D.T. showed no toxicity. 
Later \Vest and Campbell (1946) recorded experiments showing the 
toxicity to houseflies, bedbugs and cockroaches of a flat oil paint con¬ 
taining D.D.T. Gilmour f 19461 also tested paints containing D.D.T. 
against housefles and showed that flat oil paints containing 3 to 5 per 
cent r.).D.T. were ver}' eflr'ective. 

Tests are being conducted by this Division to determine the toxicity 
to houseflies of several types of paints containing D.D.T. and to estab¬ 
lish the duration of their efrectiveiiess. Results of the testing of a flat 
oil paint over a period of 385 days are recorded in this paper. 

Materials and Methods 

A white flat oil paint was prepared in the following proportions: 
l| lb. pigment, 5 oz. linseed oil, 3 oz. resin, 6 oz. turpentine. D.D.T. 
was incorporated into samples of this paint by remilling to give D.D.T. 
para-para-isomer contents of 1.0 per cent, 2.5 per cent and 5.0 per 
cent (W/V)- A sample containing no D.D.T. was used as a check 
paint. The four mixtures are referred to as 1.0 per cent, 2.5 per cent, 

5 per cent and Check paints respectively. 

Houseflies {Musca domestka L.) were used as test insects, those 
required for these tests being bred in the laboratory by a standardized 
technique ( Harrison, 1950). Flies were 2 to 7 days old when used 
and in tests at each time inteiA^al flies used were reared from the one 
culture. 

Test cages were of wood and wire gauze having internal dimensions 

6 in. X 6 in. x in. (Fig. 1), Plywood, 4 in. thick made up five sides 
of each cage and the sixth consisted of wire gauze on a wooden frame. 
A hole, 14 in. in diameter, cut in the side opposite the gauze served for 
introdriction of flies into the cage. 
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Interior wooden faces of dismantled cages were primed with glue 
size and painted with the paint under test. One coat of paint was 
applied, the weight of this being determined in each case. Fach test 
paint was appliecl to three cages. Table I shows the amount of D.D.T. 
present per unit area. 


T.\ble I, .Average Amount of D.D.T. per Square Foot 
OF Paint Film on Test C.ages 


D.D.T. Content of Paint. 

Average Amount of D.D.T. 

(Per cent, p.p.i.) 

(mg. per sq. ft.' 

1-0 

135 

2-5 

330 

5-0 

700 


Before each te.st, all cages were assembled and placed in the testing 
room, which was maintained at the same conditions under which flies 
were reared; viz. temperature 28.0° ± 0.5°C. ami relative humidity 
53 per cent ±: 2 per cent. Approximately 50 dies were transferred 
from a stock cage to each test cage by means of a glass chimne}-^ (Fig. 
1). The cages were then arranged in the testing room so that all were 
equidistant from the .source of light. 



Photo by R: 1. Hughes. 

Fig l.—r Cages used for testing paints containing D.D.T. 

Right; Assembled cage showing method of introducing 
flies. 

Left: Assembled cage cnnlaining flies. 

Front: Cilass chimney with appro.xiitiately ifO flies. X 1/6. 
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I^xposure time ^vas approximately 60 minutes or until complete 
knockdown of dies occurred, whichever was the sooner, except that 
exposure time of the first test was 120 minutes. After exposure, flies 
were transferred to recovery cages measuring 12 in. x 12 in. x 12 in. 
which were made of wire gauze on a wooden framework. The flies in 
these cages were supplied with a pad of cotton wool soaked in 10 per 
Cent sugar solution as food. After use test cages were dismantled and 
hung in a store room where they were exposed to normal indoor con¬ 
ditions but protected from direct sunlight. After 24 hours dies in 
reco\^‘ry cages were examined and percentage mortalities obtained. 
The same cages with the original coat of paint were tested throughout 
the period. The first test was conducted when cages had been painted 
two (lavs and further tests wei'e made when paint films were 14. 52. 
92, 128, 190 and 385 days old. 

IvESULTS 

Mean percentage knockdown for each set of three test cages ewer 
the 385 days testing time is given in Fig. 2. Results of cages treated 
with the check paint are not shown, as these cages gave no knockdown 
after 60 minutes in any test. 



cages treated with fiat oil i»aints containing varying amoitnts of D.D.T. 
Mean percentage mortality for each set of three test cages over the 
385 days testing time is shown in Fig. 3. Results for the test at 52 days 
have been omitted because mortalities were infiuenced by contamination 
of recovery cages. With the 2.5 per cent paint complete mortality from 
the test at 385 daA’s did not occur until after 24 hours. 

Notes on the Crystalliz.ation of D.D.T. in the Paints 
Crystallization of D.D.T. in paints has been recorded as a phe¬ 
nomenon by Gilmour (1946). He observed that with some paints 
(including "fiat oil paints) crystals of D.D.T. fonned on the surface 
but he did not note that their formation depended on some form of sur¬ 
face disturbance. Somewhat similar phenomena have been recorded for 
solutions of D.D.T. Parkin and Green (1945 and 1947) noted that a 
solution of D^D.T. in kerosene when applied to an absorptive type of 
wall board formed a supersaturated gum-like residue, which,* when 
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agitated slightly became covered with minute crystals of D.D.T. Bus- 
vine and Barnes (1947) recorded that an acetone solution of D.D.T. on 
glass dried to leave a super-cooled liquid which crystallized out fairly 
rapidly especially if stimulated mechanically. Cohen (1946) stated that 
the deposit from the production of D.D.T. smokes produced by burning 
impregnated filter papers consisted of minute droplets that remained 
liquid until mechanically di.sturbed by being brushed lightly or by move¬ 
ment of insects. 



Fii;. 3.—Mean ]iercentH.!^e mcirtalitj’ of houseflies from sets of three test 
cu^es treated with flat oil jtaints containing varying amounts of D.D.T. 

Examination of the cages in this series of tests was made at 
intervals with a binocular microscope. 

Seven days after test cages were painted the surfaces of tho.se treated 
with 5 per cent paint were carpeted with a mass of D.D.T, crystals. 
The 2.5 per cent, 1.0 per cent and Check paints did not show crystals. 
Crystals were fine and needle-like arising from the surface of the paint 
and were grouped in clusters which formed a dense mat on the surface. 
Typical crystals of D.D.T. on a paint film are shown in Fig. 4. 

It was assumed that as the paint dried, crystals formed and were 
fully ilfVeloped within a few days. Investigations were begun to find 
out how soon this occurred. Glass plates 2 in. x 2 in. were given one 
coat of 5 per cent paint and examined each day. Seven days after- 
painting crystals had not formed. On the eighth day the plate edges 
were co^'ered with crystals similar in appearance to those originally 
observed. These crystals appeared to have formed where the plates had 
been touched during examination. This was confirmed by rubbing a 
finger over a marked area and observing the surface later. After 24 
hours the rubbed area tvas a mass of crystals, while the rest of the 
plate was free of crystals. 

Various facts about the nature of this crystallization phenomenon 
with flat oil paint, brought to light by using 5 per cent paint on glass 
plates, are enumerated below. 

1. That movement of flies on painted surfaces is sufficient agitation 
to cause crystal formation was shown by confining 20 flies on each of 
three painted glass plates by means of a circular pill box cage for one- 
minute, five minutes and 16 minutes respectively. Later, examination 
of plates showed crystals foniied but only in the circular areas exposed 
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Photo by R. I. HuKhes. 

Fk;. 4.— Film of flat oil paint containing 5 per cent D.D.T, on 
a glass plate showing D.D.T. crj’stal formation (two streaks) 
caused by running a soft brush over the surface. X 16. 
to flies. The plate exposed for 16 minutes was thickly covered with 
crystals, that exposed for live minutes had fewer crystals while the plate 
■exposed for one minute had only a few scattered streaks of cr\'stals 
within the circle. This explained the occurrence of crystals on test 
cages on the seventh da}^ since flies in the cages during the first test 
would have created sufficient rubbing effect by walking on the yjainted 
surfaces to cause crystals to form. 

2. Disturbing a painted surface with a soft brush, or rubbing with a 
rag or with the hand was sufficient to cause crystal formation. This 
effect, however, was not produced by jarring or the settling of dust 
particles on the painted surface. 

3. Cry^stal formation could not be initiated by mechanical disturb¬ 
ance until the paint film was five or more hours old. 

4. The first crystals appeared two hours after a surface had been • 
touched and were fully fonned after 24 hours. 

5. That a paint film did not crystallize spontaneously for at least 
six months after painting was shown by preparing glass plates with the 
5 per cent paint and leaving them undisturbed and protected under 
gauze from insects. Observation at inter\^als showed that apart from 
a few isolated clumps crystals did not appear on the surface. Moreover 
at three and a half months an area of one slide was rubbed and 24 
hours later a carpet of crystals was present. At five and six months 
other areas were disturbed with similar results. 

6. Painted surfaces showed remarkable power of regenerating 
crystals. When once formed on a surface, crystals can be rubbed oft' 
•easily but within a short period a fresh carpet appears. To determine 
the extent of this regeneration the painted surface of a glass plate was 
brushed to produce a covering of crystals. When fully fonned these 
were nibbed off. The new crop of crystals which appeared was 
removed after . 24 hours. This, process was repeated several times aiid 
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resulted in six successive batches of crystals from the same surface. 
The last crystals to appear were not as large as previous ones but were 
still plainly visible under the microscope. 

7. Crystallization of D.D.T. occurred on films made from paint 
which had been stored for six months. No dififerences were appai'ent 
between crystals formed from stored paint and those from freshly pre¬ 
pared paint. 

8. With the comparative!}' slight disturbance of a .surface by move¬ 
ment of flies, crystal clumps were less numerous and the individual 
crystals were longer than when the surface was disturbed by other 
means. 

9. There were no dififerences in toxicity to houseflies between sur¬ 
faces disturbed by flies and those disturbed by other means. 

Discussion 

Figs. 2 and 3 show that when a test was made two days after paint¬ 
ing, knockdown was very low with all paints and the maximum mor¬ 
tality—with the 5 per cent paint—was only 39.4 per cent. After 14 
days the 5 per cent paint gave both 100 per cent knockdown and 100 
per cent mortality, whereas the 2.5 per cent paint gave a very low 
knockdown and only 59.0 mortality. The 1.0 per cent paint gave, a 
negligible knockdown and low mortality. In the third test, after 52 
days, the 5 per cent paint ag-ain gave 100 per cent knockdown, that of 
the 2.5 per cent paint had increased to 90.5 per cent and at subsequent 
tests both paints gave complete knockdown and mortality. In the 385 
days test, however, complete mortality from the 2.5 per cent paint did 
-not occur until after the 24 hour recovery period and this may indicate 
a falling ofif of toxicity of this paint. The third, fourth and fifth tests 
with the 1.0 per cent paint gave results little better than the secoml. 
After 385 days mortality was almost nil. 

At all tests after the first, the 5 per cent paint caused complete 
knockdown of flies in 15 to 22 minutes and at 385 days .showed no 
increase in time required. 

It was found that there was a correlation between the knockdown 
and mortality figures and the appearance of D.D.T. crystals on the 
paint. With the 5 per cent paint crystals were .seen before the te.st at 
14 days and were present over the whole subsequent testing period. The 
test at 14 days was the first to produce a complete knockdown in short 
time and a complete mortality. At .seven days crystals were not present 
on Cages painted with 2.5 per cent and 1.0 per cent paints and neither 
the knockdowns nor mortalities were complete with the.se paints at 14 
days. Examination showed that crystals were first present on the 2.5 
per cent paint films after the test at 52 days and re.sults show that te.sts 
subsequent to 52 days gave fast complete knockdown and complete 
mortality. The 1.0 per cent paint films did not produce crystals at any 
stage of the test period. 

That the 2.5 per cent and 5.0 per cent paints are highly toxic 385 
days after application is shown. The ultimate duration of their toxitity 
would depend on the quantity of D.D.T. present, its rate of <Iecom- 
position and the number of flies that walk across the .surface. It is 
probable that a paint surface would be denuded of insecticide at a 
Speed directly proportional to the number of flies walking uver it. This 
has not been measured. 
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Although the paints have not been tested in the field a practical point 
in their use can be gained from this study. To make a D.D.T. flat oil 
paint toxic to houseflies it would be advisable to rub the painted surface 
in some way after it had dried. If painting was done in a fly-free period 
this blushing could be left until the first flies appeared. A rub over 
with a cloth or soft bmsh would be sufficient for the paint to become 
coated with a carpet of fine cr 3 ^stals. Painted surfaces could be cleaned 
periodically and yet regain their insecticidal properties. 

Ack no wledgmknt 

Thanks are extended to Messrs. Proven Paint Products Ltd., Auck¬ 
land, for preparation of the paints and to Mr. J. Kay for helpful 
suggestions. 
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A NEW TECHNIQUE FOR THE INVESTIGATION OF 
ELECTROPOLISHING PROBLEMS 

iRci'ch'cd for publication, 7 June 1949) 

A technique has been developed, using anodes along which the 
current density is varied, for the investigation of electropolishing prob¬ 
lems. 

An investigation of the effect of varying the concentration of ortho- 
phosphoric acid, and of the addition of glycerol and Teepol on the 
electropolishing of copper w^as carried out. 

It was found that, under certain conditions, satisfactory electro¬ 
polishing is not, as previously thought, confined to the current density 
corresponding to the “anode plateau.” It was also found that the 
addition of glycerol or Teepol could eliminate the pitting or marring 
of the siirface as oxygen bubbles commenced to be evolved, although 
the addition of Teepol could adversely aflfect the finish. 

A full accounl of this work is being prepared for publication. 

1. S. HUNT. 

K. F. FORKING.. 

, . . H. J. McCOACH.. 

Dominion Laboratory, 

Department of Scientific and Industrial Re.search, Wellington. 



1949) - Carter — ^The Pittosporum Chermid, Powellia (2)31 

vitfeoradiata Mask. 


THE Pittosporum CHERMID, Powellia vitreoradiata MASK. 
By Myra W. Carter, Technical Assistant, Plant Diseases Division, 
Department of Scientific and Industrial Research, Auckland 

(Received for puhlkation, 21st October, 1947) 

Summary 

The Piitospormi Chermid, Fozecllia vitreoradiata Mask, occurs in the 
Auckland area, Palmerston North, Wellington and ilotueka. It is said 
to be present through (lut New Zealand. 

The systematic position of the insect is discussed. 

Host plants are Pittosporum crassifoliuiii A. Cunn., P. ciigcnioides 
A. Cunn., P. tenuifolinm Banks and Sol., P. cllipticum Kirk. Also recorded 
are Discaria loumatou Raoul and Geniostoma ligustrifolium A. Cunn. 

Pre-adult forms are described, and keyed. 

The length of life-cycle from egg to adult varied fi'om .Sl-71 days with 
an average of 58 days. The condition of the host foliage was found to 
influence the length of life-cycle, development being fastest on young- 
leaves. 

The Chermid was observed to be present throughout the year, building 
up large populations during the main growing periods of the trees in 
the spring and autumn, the size of the population being relative to the 
amount of new growth produced by the trees, exccj)t in the summer when 
foliage produced in full sunshine hardened before the life-cycle of the 
insect was completed. This period was bridged by a limited number of 
njnnphs which were able to mature on foliage growing low on the trees 
in the shade, and also by a number of adult females which were still 
capable of egg laying w'hen the new foliage appeared in autumn. 

One iiarasite and five predators are recorded. The most important 
of these was the lacewing predator, Drcpanacra binocular Newmn., and 
details of the biology of this insect are given. It was found to e.xercise 
a noticeable reduction in the Chermid population in the early spring, but 
was not effccti\e as a control. 

Introduction 

The Chermid, Powellia vitreoradiata Mask, causes a great deal of 
damage to young growth of Pittosporum trees, particularly the hedge 
plant Pittosponun crassifolium A. Cunm It produces unsightly pitting 
on the foliage (Fig. 3) and stunting of growth, followed in severe cases 
by development of sooty-mould fungus on the honey-dew exuded by 
all stages of the pest. 

The investigation reported in this paper was carried out primarily 
to ascertain the life and seasonal cycles of the insect in order to provide 
a basis for control measures. 

Systematic Position 

The species was originally described from the fifth instar under the 
name Potvellia zntreoradiata by Maskell (1879) as a member of the 
Coccidje; later (1890) he placed it in its correct position as one of the 
Chermidie (then called PsylHdse) but described the adult as the new 
species pelhtcida in the genus Triosa Forster, thus rejecting his earlier 
specific name. This, however, was inadmissible, and Ferris and Khwer 
(1934), wishing to create a new genus in the Cheraidie for the species, 
restored both the specific name vitreoradiata and also the original generic 
name Mask. 
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Host Plants 

The host plants of the Chermitls are;— Pittosporuni crassiiolhtm A. 
Cmin.; P. eugcnioides A. Cunn.; P. tenuifolhim Banks and Sol; P. 
clUptkimi IQrk. Maskell (1890 ) recorded also Dlvcana toumatoii Raoul 
and Gemosioma ligustrifolium A. Cunn. 

Distribution 

The insect is comniou through(»ut the Auckland area. The collection 
made by the Plant Diseases Division also includes specimens from 
I'almerston North, Wellington and Motueka. Ma.skell (1890) stated 
that the species was present throughout New Zealand. 

Description or Life Stages 

(a) Egg (Fig. IF). 

Shining; glabrous, irregularly lacriiniform, tapering towards the 
apex, which bears a short spine, with a short stalk situated to the side 
of the base. Colour when newly laid pale cream with basal quarter 
orange, darkening to pale orange with the basal third orange; some 
(lavs before hatching the red eves of the embryo are very conspicuous. 
(Fig. IF, ES.) 

Dimensions: Length 0.31-0.38 mean 0.35 mm. (20 eggs). 

Nymphal Instars (Fig. lA-E). 

Insect approximately oval; dorso-ventrally flattened; with an entire 
marginal fringe of setae from which arise clear, brittle filaments which 
lengthen as the instar matures; the number of marginal setae increases 
at each instar. These setae and filaments may also be present on the 
dorsal surface: the 1st and 2nd instars always bear dorsal setae (Fig. 
lA and B), but the 3rd, 4th and 5th instars may possess a small number, 
a large number (Fig ID) or be entirely free of dorsal setae ( lug- 1C 
and E); the filaments may be of regular or irregular lengths; in first 
and second instars they may equal half and in later instars a third the 
length of the nymph; they are cast at each moult and grown anew. 
^'entral surface with scattered hairs. Antennae with sensoria and two 
conspicuous spines at the apex; they are light in colour, with brown 
apices in all except the 1st instar. Eyes reel turning to grey in the 5th 
instar. Rostrum pale with brown apex. The wing-pads as they develop 
are anteriorly produced uniting with the sides of the head until in the 
5th instar they extend more than half way towards the apex of the head. 
Before the final eedysis the anterior wing-pads shrink, leaving the outer 
cuticle empty as far as the basal margin of the head (Fig. IE). Tibiae 
bear near the apex a long spine with an incurved clubbed tip, tarsi have 
fan-shaped empodia; legs are pale with brown tarsi in the later instars. 
The 1st iiistar has a single row of anal pores, the second and later instars 
a double row. 

The nymphs are shining and semi-transparent when newly emerged, 
clouding and thickening towards the end of each iiistar. The 1st ami 
2n(l instars are pale yellow or orange, but some darker individuals 
appear in the 3rd instar, and the 4th and 5th instars vary a great deal in 
colour, containing nymphs of a pale greenish blue, also white, yellow, 
orange, oi-ange with brown mottlhigs (these latter having dark" wing- 
pads, a dark median line down the head and thorax to within a short 
distance of the posterior-lateral margin of the abdomen) and uniform 
dark brown individuals. 




Fig. 1.—A. Fir.st Hyraj)hal instar. Approx, x SO 

B. Second instar. „ x 8() 

C. Third instar. „ x 40 

D. Fotirth instar. „ x 40 

E. Fifth in.star. „ x 40 

F. Egg (es shows eye spot of embryo) „ x 80 


A, B and D show A-ariety with dorsal sette, 
C and E show “ naked " variety. . 
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As a general rule those nymphs feeding on the upper surface of the 
leaf are darker in colour than those on the under surface. This is 
particularly noticeable in 5th instar nymphs, the dark orange and brown 
varieties being found on the upper surface, those on the undersurface 
being mainly white, greenish-blue, or pale yellow. The darker forms 
from the upper surfaces are nearly always without dorsal setae, while 
the pale forms on the undersurface are den.sely clothed and often hardly 
distingui.shable from the pale tomentum of the leaf. 


Tabi.e I. Key to Xv.\iph.4l Instars 



.-Vntennae. 

Wing-pads. 

.Anal Pore-ring. 

Length in mm,* 

Width in mm.* 

1st In.star 

2-jointed 

.Absent 

Single row 
of pores 

0.32-0.41 
.Mean 0.38 

0.17-0.21 
Mean 0.19 

2nd Instar 

2-jointed 

Visible 

but 

Narrow 

Double row 
of pores 

0.52-0.59 
.Mean 0.54 

0.28-0.33 
Mean 0.31 

3rd Instar 

3-jointed 

Clearly 

defined 


0.72-0.86 
Mean 0.80 

0.45-0.52 
Mean 0.49 

4th Instar 

4-jointed 



1.14-1.24 
Mean 1.20 

0.76-0.86 
Mean 0.80 

5th Instar 

6-jointed 



1.76-2.00 
Mean 1.89 

1.21-1.35 
Mean 1.28 


* 20 individuals measured for each instar, measurements exclusive of filaments. 


Life Cycle and Habits 
Method of rearing nymphs 

The most satisfactory type of cage for rearing Chermids was found 
to be a small wire gauze one which was attached to the leaf by means 
of round elastic and a cork (Fig. 3). The cage was cylindrical, a curved 
strip of brass gauze f in. wide forming the sides, while the top consisted 
of a circle of the same material } in. in diameter lightly soldered into 
position. A small rim of plasticine was used to cover the rough edges 
of the gauze and to ensure a perfect .seal on to the leaf, which was 
essential with nymphs so small and flattened. Nymphs on hatching were 
moved to individual cages with a camel-hair brush and examined daily. 

For field experiments with adults the gauze cages were found to be 
satisfactory, but for rearing manphs they pos.sessed the following dis¬ 
advantages :— 

(1) The cages could be attached only to leaves sufficiently mature 
to bear the weight of the cage; this meant that the leaf hardened before 
the life cycle of the n 3 unph was complete and at least once during it.s 
life the nymph had to be removed to a younger leaf. 

(2) The cages prevented the satisfactory examination of the nymphs 
and repeated removal of the cage reduced the. efficiency of the plasticine 
seal. 

(3) If exposed to the sun in. summer the wire gauze became veiT 
hot and the caged insects diedi A 
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For later experiments the cages were discarded anil each nymph was 
isolated tipon a shoot from which all other individuals and eggs had been 
removed. These shoots were labelled and all neighbouring foliage cut 
away. Nymphs were placed in position with a camel-hair brush. Obser¬ 
vations were made daily with the aid of a hand lens and the growth 
recorded. There was little chance of the shoots becfmiing reinfested 
except from adults and any eggs that were found were removed. When 
the mTiiph was expected to emerge a gauze cage was placed over it and 
the adults secured. 


Eggs 

The eggs laid per female for 12 caged individuals ranged from 67 
to 415 eggs, with an average of 192. 

The eggs were laid in batches of up to 50 on the undersurface of the 
young leaves, or, if these were not available, on the unopened buds. 
The eggs were set obliquely on the leaf, embedded in the tomentum and 
attached by the short stalk." 

The incubation period was 11-14 days, with an average of 13 days. 
Nymphal Instars 


T.\BLE II. DVR.^TION of NyMPHAC iNST.aiRS 


In star. 

Duration in Days. 

Mo.st Frequent 

Number of 



Xuniber of Days. 

Individuals. 

I 

6-21 

13 

136 

2 

5-12 

7 

82 

3 

3-13 

7 

59 

4 

4-lS 

6 

55 

5 

6-15 

12 

30 

Total: 


45 







1949) 


Carter—The Pittosponm Cher:mid, Poccdlia 
vitrcoradiata Mask'. 


(2)37 


Table II .shows that only 30 individuals completed their 5th instar. 
This was due to a high mortality and also to some of the small nymphs 
becoming lost. These 30 Chermids completed their nymphal period in 
38-58 dat's, with an average of 45 days. 

The total of the day^s most frequently taken for each instar ftir all 
the nymphs recorded in Table 11 was also 45 cUiys. 

Nymphs were reared during the months of June to December and 
the variation in length of life-cycle did not seem to be the result of the 
time of year. The condition of the host leaf, however, seemefl to be 
important, development being slower on older leaves. Owing t<j lack of 
.suitable foliage nymphs could'not be reared from January to Adarch. 

At hatching, the young nymph forces itself head first through the 
thin membrane at the apex of the egg. The newly emerged nymph may 
crawl for several hours before finally settling down on either the upper 
•or undersurface, of the leaf, where a characteristic pit is gradually 
formed. 

Adults 

Length of life under natural conditions could not be determined, but 
for 17 caged adults ranged from 20-90 days, with an average of 42 days. 

Pre-oviposition period for 17 females ranged from 5-38 days, with 
an average of 11 days. 

The adults ai*e very active and appear to jump rather than fiy. The 
antemice are never still and maintain an agitated up and down motion; 
the whole body is continually flicked from side to side. 

Both adults and nymphs excrete large quantities of wax-covered 
h(.)ney-dew. 

Seasonal History 

Methods of estimating Chermid population 

Weekly counts were made on each of seven small P. crassifolium 
trees from 11th September, 1942 to 26th I'ebruary, 1945 (except for 
the period late November, 1943 to March, 1944) to ascertain the seasonal 
abundance of Chermids throughout the year. The trees were the same 
age and size. The whole of each tree was examined leaf by leaf for 
Chermids. Records were kept only of the number of 5th instar Cher- 
niids; these were readily distinguishable macroscopically and easily 
.separable from other instars. No counts of adults were made as caging 
the trees would have created unnatural conditions. 

As it was thought that the comlition of the foliage might influence the 
seasonal abundance of the in.sects, notes were taken on the condition of 
the individual tree.s throughout the experiment. 

Counts were taken of the number of predators present. 

Results 

Chermids were found to be present throughout the year, being most 
abundant in spring and autumn. As fluctuation in the population 
followed similar curv'es for each of the seven trees, results are shown 
as total weekly counts on all the trees. (Fig* 4),. 
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Fk;, 4.—Graph showing number of 5th instar nymphs on seven 
trees of P. crasxifolmm. 


Folijige notes .showed that the periodvS of growth coincided for the 
seven trees, the main growing periods being spring and autumn. Newly 
sprouted growth remained suitable for maintaining Cherniids for 
approximately two months, except in the summer when it hardened 
more rapidly (Table III). 



Sept, Oct. Noy. Dec. Jan. Feb. Mar. Apr. May June July Aug. 
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Predators were present during most of the year, being most abundant 
in July and August after the peak in the Chermid population ( Fig. 5). 



Fkj. 5.—Graph showing number of D. binocular recorded on the 
seven trees. 


Discussion 

Chermids are present throughout the year and given favourable- 
conditions would be capable of producing five generations annually as. 
the period between one genei'ation and the next is on an average 69 days, 
(incubation 13 days, nymphal stages 45 da_vs, pre-oviposition 11 days). 
It is therefore clear diat the two major peaks do not simply indicate that 
two generations are produced annually. 

The major factor responsible for the fluctuations in the Chermid 
population was found to be the availability of suitable foliage. This can 
be clearly seen by comparing Fig. 4 with Table III. New growth in the 
spring and autumn resulted in an increase in the Chermid population;, 
when the foliage hardened, the population declined. 

The second factor was the presence of lacewing predators. Whoa 
Fig. 4 is compared with Fig. 5 it will be seen that the lacewing population 
increased after the peak in the Chermid population, and that the absence 
of lacewings did not result in a major increase in Chermids. The direct 
influence of the lacewings is discussed later, but comparison will show 
that it was the foliage condition rather than the predators which induced 
the fluctuations in the number of Chermids. 

The long life of the adult Chermid is important as it enables foliage 
to be infested as soon as it appears. It is also a factor in bridging the 
gap in the summer beUveen the main growing periods of the trees. New 
growth is recorded in January, but except for isolated shoots in the 
shade, this hardened^ so rapidly that Chennids could not complete their 
development and ultimately died, so that no resulting increase is shown 
in the Chermid numbers in Fig. 4. A small number of Chermids matured 
on the shaded foliage, arid, together with adults which had survived the 
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suiniHcr, infested the new gi*o\vth which appeared in March. Although 
no counts were made in 1944. over this period, it can safely be assumed 
that no major increase would have occurred. 

An initial increase in the Cherinid population resulting from the 
sprouting of new growth is indicated on the graph after approximately 
33 days, the time required for nymphs to reach the 5th instar ( Table 11). 

'The counts for September-October-November in 1943 and 1944 did 
not attain the high figures of the previous 3 '.ear. This was partially due 
to the foliage not being as suitable because the season was hotter, but 
may also have been caused bv the presence of a larger number of pre¬ 
dators in August. 

The predators wei'e present during most of the }'ear (Fig. 5), but 
their occurrence was too erratic to be effective as a control, particularly 
as the Chermids are capable of building up a large population in a short 
time. The effect of the lacewings on the Chermid population was not 
very apparent except over the August-September period. At this time 
the lacewings had reached a peak, following the peak in the Chermid 
population, and the Chermids consisted only of very young in’inphs 
which were hatching on the new growth. From the section on predators 
where their food requirements are discussed, it will be seen that feeding 
on young instars only, about three times as many Chermids are required 
as when feeding on the larger stages. Thus the large number of lace¬ 
wings feeding on very young Chemiid nyanphs in August, 1943 and 1944 
reduced the potential 5th iitstar population of September, 1943 and 1944. 
For example, the number of freshly hatched Chermid nymphs destroyed 
by twenty lacewings recorded at the beginning of August, 1944 could be 
■estimated at over 6,000. Even allowing for a high mortality rate this 
wTJuld give a figure for the 5th instar population of September com¬ 
parable with that of 1942. No records are available for August, 1942, 
but as the trees had only been planted a short time it is not unlikely that 
predators had not then appeared in am- number. It wall be noted that 
wdien the lacew-ing population dropped at the end of August, 1944 owing 
to lack of food, the numbers of Chermids started to build up again 
immediately. 

Lacewings present during the summer had little effect on the 5th 
instar population, because they'^ fed mainly’ in the tenninal shoots and 
therefore destroy'-ed only’ those nymiphs which in any’ case would not 
bave reached maturity’. 

It seems clear that given suitable foliage and freedom from predators 
the Chermids Would be capable of building up and maintaining a large 
population throughout the entire y’ear, but under Auckland conditions 
are only likeW to do so during the spring and autumn. 

Natural Enemies of CiiERi^nDS 

Pred.atoks 

Ncuroptera 

Three lacewings were observed to be predacious on Poii'cllia vitreo- 
radiata, these being;— 

1. Drcpanacra hinocitlar Newmn. 

2. Mkrormis tasmamac Walk. 

3. 5orfowiyfa maonVa Tillyard. 
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Of these Drcpanacra binocular was by far the most abundant. Larx'ae 
of this lacewing were first observed when Chermid counts were com¬ 
menced. Records were made of those observed to ascertain to what 
extent the lacewing acted as a control (Fig. 5). Notes on the life 
history wtrt made and details of the food requirements were recorded. 

Very few adult lacewings were observed in the field and no counts 
of these were made. Adults reared in the laboratory fed readily on 
Chermid larvie and adults, but no details were recorded of their food 
requirements. 

Life History of Neuroptera 

Length of the life C 3 '^cle from egg to adult for specimens reared in 
the laboratory was 27-30 days, incubation period being 6 days, larval 
period 9-11 days and pupal period 11-14 days. 

None of the lacewings bred through to the adult .stage in the labora¬ 
tory laid eggs, but one fertile female taken in the field laid 182 eggs 
between 21st October and 27th November. 

The food requirements for five larvae were obtained by placing the 
larvae in separate dishes on hatching and feeding them continuously with 
nymphal Chermids. Details of the total consumption were as follows;— 

No. 1. Hatched . 1st October, 1942. 

Pupated .... .... 10th October, 1942. 

Total consumption 134 4th instar Chermids. 

No. 2. Hatched . 1st October, 1942. 

I’upated . 12th October, 1942i 

Total consumption (96 1st instar Chermids. 

Total 232 lS2 2nd ., „ 

(60 3rd ,. 

(24 5th „ „ 

No. 3. Hatched . 1st October, 1942. 

Pupated _ — lOih October, 1942. 

Total consumption 77 .5th in.star Chermids. 

No. 4. Hatched .. 27th October, 1942. 

Pupated — 6th November, 1942. 

Total consumption 88 5th instar Chermids. 

No. 5. Hatched _ _ 25th Octolier, 1942. 

Pupated . 5th November, 1942. 

Total consumption 118 4th instar Chermids. 

(on hatching No. 5 also consumed 
a number of eggs of its own kind) 

Adult lacewings reared in the laboratory were comparable in size 
with adults from the field and provided there was an adequate supply 
of food in the field, total consumption in the laboratory should be 
comparable with that in the field. 

From these results it can readily be seen that the lacewings w^ould 
exercise a noticeable control on the Qiermids particularly when feeding 
on the \'oung stages, and their effect as a whole is mentioned in the 
Discussion. 

Micromus tasmaniae was present mainly during the summer months 
mid w^as at no time abundant. 

Onty three larvje of Boriomyia maorica were obtained during the 
whole period of investigation. 

Coleoptera 

During the summer months CoccinellidlvLTV^ w'ere occasionally found 
destroying nymphal Chermids; one of these was bi*ed through and proved 
to be Orciis chalybeus Bd. Adults of this species were also discovered 
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feeding' on the Chermids and were observed to lay their eggs on the 
Pittospomm trees. 

Arachnida 

Small spiders were frequently observed in webs at the apex of 
Pittospomm shoots feeding on both nymphal and adult stages of 
PozocU{a vitrcoradiata. 

Parasite 

One internal parasite was bred from P. vitrcoradiafa, this being a 
small Chalcid wasp, family Encyrtidte ( Fig. 2 bottom right). Five. 5th 
instar Chermids which had been parasitised were taken in the field in 
August, 194,5, and each nymph contained one Chalcid larva inside the 
extended skin. The larvje pupated and approximately two weeks later 
adult Chalcids emerged inside the Chermid skins, where they remained 
for a day before biting their way out through a hole in the dorsal 
surface of the abdomen of the host. In all cases the parasite pupated 
with the head pointing towards the posterior end of the host. 

This parasite was apparently not common as the five specimens were 
the only ones noticed over the whole period of the Chermid counts. 
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AN IMPROVED RADIAL DISTRIBUTION FUNCTION 
AND EQUATION OF STATE. 

By A. G. McLellan, University of Otago, Dunedin 

An approximate equation of state has recently been derived by A. E. 
Rodriguez (1, 2). This derivation involves a method of linearising the 
non-linear integral equation for the radial distribution function g (r), 
obtained by Born and Green (3), 

iog . 9 (f ) +11^=17?]' >-)[<7iy+ 

where Hi is the mimber density and ^(r) the potential energy of two 
molecules at a distance r apart. Rodriguez used the potential energy func¬ 
tion of Lennard-Jontes ('4), which is also used in the work described 
later. With several approximations, he obtained isotherms of argon at 
two temperatures, 130°K and 150°K (the critical temperature). How¬ 
ever, the theoretical curves do not give good agreement with experiments. 
A more accurate solution of (1) is therefore desirable. The present note 
describes a new method of solution. 

A function fir) is defined bv 

c/(r)^[l + (2). 

From experiments on X-ray diffraction in liquids fir) is known to be 
small for r > LSr^, being the value of r for which ^(r) is a mini¬ 
muni. For convenience in later calculations, fir) is represented by a 
polynomial Scir' for r < 1.5 and. zero elsewhere. In evaluating the 
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inner integral of (1), the factor in g{r) is also rcpreseiUeil bv a 

polynomial in the interval a r <i p, zero for r <. a and 1 for ;• > ^; 
the values of a and ^ can be assigned for a given temperature with 
considerable accuracy. Such approximation is not valid in evaluating the 
outer integral of (1) because the factor in g(s ) is multiplied by 

which is strongly negative in the neighbourhood of .ir — a. With 
these approximations the equation can be integrated explicitly. The 
result is an equation in the c-, of the form 

log c(l + r‘) —^|y( r) + S i + S C/CyBoi F) \ (3), 

where the coefficients on the right hand side are functions of r, and //,> 
is the number density of crystal argon. By assigning as many values 
of r as there arc c-'s a system of equations for the C\S is obtained. 

As a first approximation this equation can be solved by linearising' 
and neglecting all terms on the right hand side involving the r,- thus 
yielding: 

fir) ^ y(r) (4). 

A better approximation is obtained by neglecting terms cjuadratic and 
higher in the c-,. Finally the complete equation (3) can be solved by 
successive approximations, commencing with small values of iii/Ho and 
increasing this quantity by small amounts until the density of cry.stal 
argon has been reached. 

The first apuroximation (4) has been evaluated for argon at two 
temperatures 120°K and 150°K, and the corresponding’ isotherms cal¬ 
culated using the equation. 

p <= }hkT - ^ //■-, j* g{r )^'( r)r^ dr ( 5). 

'Fhese together with an isotherm observed at 151.9°K (5) are shown in 
the accompanying figure. They are given in tenns of p'Vo/kT and 
''/Vn following Lennard-Jones and Devonshire (6), Vo being the volume 
per molecule in crystal argon at absolute zero, and t> that in the fluid. It 
can be seen that this approximation will give a critical isotherm at a 
temperature slightly less than 150°K. Using the results of the calcula¬ 
tions at 120°K and 150°K, the critical data have been obtained by linear 
interpolation and are shown in Table I, where they are compared with 
the observed data. 


T.-\ble T. 
Critical 



To- 

Density. 

P,.. 

P.,V,/kT,. 


“K. 

jim/cc. 

Atm. 


Caic. 

.... 140 

0.40 

46 

.333 

Obs. 

.... 1.50.7 

0.531 

48 

.292 


The densities of liquid and vapour and the pressure in the liquid- 
vapour region at 120°K have been derived from the calculated isotherm 
b}' applying Maxwell’s law of equal areas. These are shown and com¬ 
pared with values obtained from experimental data in Table II. 
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ARGON ISOTHERMS. 

X Exiicrimental, T = 151.9'"K, (1) Calculated, T = 150“K. 
(2) Calculated, T = 120‘’K, slio\vin.ii the safurated vapour phase. 


Table 11. 

S.V.P. Liquid Density. Vapour Density. 

Atm. gm/cc. 

Calc. 8.3 1.50 0.041 

Ohs. .... 122 1.1.58 0.061 

Although approximation (4) is not an accurate solution at 120°K 
where high densities niust be considered, the isotherm derived from it is 
in closer relative agreement with experiment than that previou.sly 
obtained by Rodriguez at 130®K. 

Work is in progress on the higher order approximations at these two 
temperatures and initial results are promising. 
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NOTE ON A LABORATORY EVAPORATOR 

By N. \V. V'ere-Jone.^, Clicmical Engineering Section. Dominion 

Lalioratory, Department of Scientific and Industrial Research, 

W ellington. 

Summary 

An evaporator, suitable for the vacuum concentration of extracts of biological 
origin, is described. 

Introduction 

The evaporation at low temperature of relatively large volume.s of 
aqueous or other extracts often presents difficulty. If of biological 
origin, frothing may lie troublesome; as the liquid becomes concentrated 
and vi.scou.s, heat transfer is reduced, local over-heating may result, 
leading to .severe bumping and destruction of thermolabile sulistances. 

The purpose of this note is to make better known a simple hut 
efi'ectiv'e ap]’)aratus for overcoming many of these difficulties. It may 
readily lie constructed from standard laboratory equipment to evaporate 
ns much as 20 litres per hour. 

Description of ApparxVtus 

The accompanying figure illustrates the apparatus. The evaporator, 
A. is made from an ordinary laboratory flask (that illustrated is of 
five-litre capacity), into which is inserted a vapour pipe, B. This may 
conveniently be done by welding a “Ouickfit” socket to the wall of tlie 
flask and inserting therein a “Ouickfit” plug carrying a tube. To the 
liottom of A is welded a gla.ss tube connecting to another flask, C, which 
acts as a reservoir for the concentrate; the size of C should be deter¬ 
mined b}' the volume of liquid to be concentrated and the concentration 
required, \\dien the final volume of concentrate is small, C may be 
omitted and the tube from the bottom of A connected directly to the 
heating tube, or calandria, D, When C is required, a tube is welded 
to its bottom and connects with D. An alternative is to take this tube 
from the side of the neck of C, which then becomes a “salt box,” a 
convenient arrangement when much solid matter is thrown out of 
solution during the evaporation, D consists of a steam-jacketed tuhe j 
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fur many purposes a silver tube is most convenient, though stainless 
steel, silver-plated copper, or glass are practicable alternatives. The 
heating tube connects directly with the vapour pipe entering A. A "tee,” 
for the introduction of the feed, is inserted between C and D. The 
neck of A connects with a condenser and A'acuum pump. Some form 
of splash head is advisable Ijetween evaporator and condenser to separate 
entrained liquid from the vaixmr. 

When the apparatus is under vacuum, liquid to be concentrated is 
sucked into the apparatus until it reaches a convenient height in A. 
ustiall}' one or two inches above its bottom outlet. Steam is admitted 
to the jacket of the calandria and causes rapid boiling in D. A slug 
of liquid and vapour is ejected at high velocity against the wall of A. 
This action very effectively breaks uj) any foam in A, the effectiveness 
of the action depending on the level of liquid in A and, particularly, on 
the distance between the end of the vapour pipe and the wall of the 
llask: 5 millimetres to 10 millimetres is generally satisfactory. liquids 
otherwise impossible to distil under vacuum because of e.vcessive foam¬ 
ing have been successfully concentrated in this type of apparatus, i'eed 
is c(jntinuously admitted "to maintain the liquid level in A. 

With a silver-plated co])per heating tul)e an ai)parent overall coefficient 
of heat transfer of 750 K.Th.U. , hr./sq. ft./°F. temperature dift'erence 
can be e.\i)ected. From this figure the size of heater ap|)ropnate for a 
re([uired evaporation may be calculated. The one illustrated is 15 inches 
long and 1 inch in external diameter, and will evaporate three gallons 
])er hour at a temperature of 35° C. For high rates of heat transfer, 
the tulle should have a highly ]M)lished .surface; in spite of its lower 
conductivity, glass may be found to have a higher overall coefficient 
than a rough metal tube owing to the high film coefficients of the latter. 
The heat transfer figure quoted is higher than that normally found hi 
modern commercial evaporators which employ natural circulation, 
though lower than the maximal figures which have lieen attained with 
forced circulation. Not only will high heat-transfer rates reduce the 
duration of the ei-aporation but they will give rise to a rapid |.)umping 
action in the apiiaratus and thus reduce the time during ivhich the 
liquid is in contact with the heated surface and so re.strict damage to 
thermoiahile substances. 

The apparatus was designed and fabricated by the Chemical Engineer¬ 
ing Section of the Dominion Laboratory for the evaporation of grass 
extracts at the request of the Department of .(\griculture's Animal 
Research Station, Ruakura. A .spray and perforated plate condenser, F, 
is used; as vapour and cooling water are in direct contact, this is 
efficient but impermissible when the distillate is required. Condensed 
vapour and cooling water are discharged against atmospheric pressure by 
a water-operated jet pump, G. Air and other non-condensible gases are 
ejected from the top of the condenser by another jet pump. J is an 
entrainment separator with connection to a vacuum gauge. This type of 
equipment has the advantage of requiring no vacuum pump or other 
moving parts, but the mechanical efficiency is low. For the evaporator, 
described, approximately 800 gallons of water per hour arc re((uired 
for the condenser and ejectoi’s, with cooling water at 65° P’. If a 
surface condenser had been used, this alone, if of a reasonable size, would 
have required about 300 gallons of water per hour at 65° F. to evaporate 
an aqueous extract at a teniperature under 100° F. For lower tempera¬ 
tures of evaporation, special condensing, and vacuum-producing apparatus 
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would be necessary. The control panel, K, has valves and j^auges for 
control and measurement of vacuum, steam, and water iiressures t<.i 
the condenser and to the ejectors. 

In laboratories where steam is not available as a service, a tin can 
will form an adequate l.)oiler, as steam above atmospheric pressure is 
not required. The pressure of service steam would reciuire reduction to 
below five iwunds per square inch gauge (L in figure), or l)ack- 
surging in the apjiaratiis will probably occur. This surging is also 
affected Iw the height of the liquid level in the apparatus relative to the 
top of the heating tube; increasing this height reduces the tendency 
to surge, ljut (.mly at the expense of an elevation of the boiling p(jint 
due to the resulting static head. With a vacuuhi of 29 inches of mercurx'. 
thi.s rise in lioiling-point will be about IS'" F. for a static head of 
12 inches. 

For small rates of evaporation (e.g., of the order of one liter per 
hour . 1 . silver tubes of 5 millimetre bore and a few inches in length will be 
found satisfactory, with a corresponding reduction in size of the other 
parts of the apparatus. 
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A LABORATORY WET MAGNETIC SEPARATOR 
FOR STRONGLY MAGNETIC MINERAL SANDS 

By W. R. B. Martin, Dominion Physical Laboratory, Department of 
Scientific and Industrial Research, Lower Hutt. 

Summary 

A laboratory-size separator is described in sufficient detail to enable interested 
parties to reproduce it. Feed arrangements for both wet and dry sands are given. 
With a nominal through-put of 280 pounds per hour to give a commercial grade 
concentrate, the separator is capable, at reduced capacity, of yielding an exception¬ 
ally high-grade uniform concentrate. 

Introduction 

This separator was built primarily as a means of obtaining several 
hundredweights of Taranaki ironsand for some technical scale work 
on a titanium and vanadium extraction process for a Rew Zealand 
Lhuver.sity thesis: reproducible samples that would he representative' 
of the highest commercially economic grade of concentrate were required. 
\Miile experimenting with the machine to decide what might be a com¬ 
mercial concentrate, it became evident that the machine, if further 
developed, would l)c a very useful apparatus for the magnetic assessment 
of -New Zealand ironsand deposits. It has been satisfactorily developed 
to such a stage. It has proved capalde of rejecting practically all hybrid, 
magnetic mineral-gangue particles, to give what appears under the micro¬ 
scope to 1.K' a clean sample; in other adjustment it will give a repro¬ 
ducible sample containing these hybrid particles. It is suitable only for 
ferro-magnetic materials; an attempt was made to separate ilmenite 
■sand using the maximum power that the magnet would stand ( 40 Volts 
1640 V’atts for a .short period), but without success. 

Though magnetic separation is a standard ore-dressing process, no 
information could be obtained as to whether or not a .suitable machine 
was availalde in New Zealand other than an experimental model con¬ 
structed by Officer’ in connection with a thesis dealing with the 
magnetic separation of weakly magnetic sands. However, a perusal of 
Officer's ]ia]?er showed that the machine was entirely unsuited for the 
purpo.se in hand, as a prerequisite for its successful working was that 
magnetite must be removed from the sample. It operated on the prin¬ 
ciple that a series of magnetic particles passing through a homogeneous 
magnetic field with other than parallel boundaries are dispersed accord¬ 
ing to their mass susceptibility, being refracted at those boundaries 
semewhat analogously to the phenomenon of the refraction of light at 
a boundary. A magnetic particle does not experience a force in the 
direction of a homogeneous field; but in practice such a field cannot l:)e 
obtained, so that there is also a force urging the particles towards the 
poles as they pass through the field. In the case of weakly magnetic 
jDartides, this force is small compared with that of gravity urging them 
through the field, so the particles pass through successfully. With ferro¬ 
magnetic materials, including magnetite, this force is too great to allow 
the particles to pass through without travelling to and fouling the pole 
pieces, thus effectively stopping the machine. 

. It was decided to devise and construct a machine that would deal 
with the strongly magnetic 'iron sand.” A search of the technical litera¬ 
ture and catalogues show^ed that many types had been invented, but 
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no details were available about any of them. The most helpful review 
was found in Perry’s Chemical Engineers' Handbook-, in which the two 
main classes of separator were discussed—viz., wet and dry types ; it 
stated that experience had shown that the wet type was greatly superior 
io the dry type in through-put and efficiency when it was required to 
separate large quantities of approximately equally proportioned com¬ 
ponents. 

Operating Principles 
(Ref. Fig. 1.) 

Di-ied .sand to be .separated, after having been coarse-screened to 
remove any extraneous rubbish such as .sticks, large .stones, or .shells, 
is fed by means of a hojiper on to a rubber belt moving up grade oyer 
the surface of an clcctro-magnct. Running down grade, at a velocity 
determined by the grade, is a copious .sheet of water directed from a 
fi.sh-tail jet just within the field of the electro-magnet. In the absence 
of a magnetic field, all the .sand fed on to the belt i.s carried down grade 
hy the water and is discharged into a chute at the lower end. In the 
presence of a suitable magnetic field, magnetic material suffers an attrac- 
tioij towards tlie magnet, and .so ha.s its gravitational force against the 
moving belt suiipleinented hy an amount proportional to the strength 
of the field and the magnetic' susceptibility of the material. By applying 
a suitable field for a given material, this supplementary force can be 
increase<l to a point where frictional drag between the moving belt and 
the particle is sufficient to carry it up against and out of the water 
stream. By referring to Fig. 5, the con.struction of the pole .shoes will be 
seen to lie in a series of alternate diamond-shaped pieces of mild steel. 
The rows have alternate polarity and produce zigzag field concentra- 
tion.s, both across and along the magnc't. Magnetic particles being 
dragged up against the water stream are thus rolled about on the belt, 
and so expose to the scavenging action of the water stream any non¬ 
magnetic particles occluded by them. Also, fine particles immersed in 
water do not tend to aggregate to the same extent as they do when 
daiuj). In Fig. -I—a photograph of the separator stationary, but with its 
magnetic fiekl effective—-the zigzag paths are clearly indicated by mag¬ 
netic jiarticles which have been concentrated along them. Under running 
conditions, the speed of the process does not allow such clearly defined 
congregation along these paths, and the paths are broadened out to 
about half the effective width of the belt; the magnetic particles can be 
seen moving from side to side as they are carried up against the water 
stream. 

Construction 

I'rom experiments conducted with both wet and dry sand, it became 
aiqiarent that simple physical properties other than magnetic must be 
con.sidered, as some exerted a critical influence on the design of a 
separator of the size proposed. The following were noted:— 

(a) In the sample available, taken by A. D. Monro as representative 
of the Patea beach sands, most of the constituents were of the 
same order of density and sank rapidly against a fairly fast up- 
flowing current of water. 

(/>) That the sand was of yen' even grading. When a raw beach 
.sample (some 200 pounds) was put through screens, only 6 
pounds was retained on a 22 mesh, and most of that residue was 
shell remnants and driftwood. 
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((■) That perfectly dry sand flowed very freely and that practically the 
whole contents of a container of screened (22 mesh) sand AvonUl 
rapidly run ^oiit through a quarter-inch diameter hole in the 
bottom without blocking. 

id) That damp sand (i.c., sand retaining only excess water after 
draining} would not flow at all. When in a heap aliout 12 inches 
high, some of the .sand was removed at the base, the angle of 



Fig, 1,—Schematic line diagram of flie separator. 
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reiioso of tlu* grains was lioyond the vertical and masses of sand 
collapsed but no flow occurred. When, a 4-inch diameter hole was 
opened in the bottom of an 8-inch diameter container (gallon 
jiaint-tin). only a small portion of the sand would fall through, 
an arched cavity being formed. 

(c) That wet sand in thin layers was not readily washed from a 
surface hy u-ater draining from it, even on a fairly steep slope, 



Fifi. 2.-—Diagram showing the . general arrangement and method of 
construction of the electro-magnef. 
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Ijitt required a copious flow of water directed from above to 
remove it efficiently. 

(/) As seen under the microscope, carefully hand-separated “iron 
sand” consisted mainly of homogeneous black particles of rounded 
form and of remarkably regular size, but also contained a con¬ 
siderable proportion of particles that were partly “iron sand” 
and partly some other mineral. In the beach sands, such particles 
abound, and a factor of importance was to devise an apparatus 
In' which the true ironsand would be effectively separated from 
the weakly magnetic minerals accompanying it without including 
too great a portion of such composite grains. 

These simple and apparently obvious facts have been listed rather 
fully to draw the attention of any future designer of such a separator 
to them, as the writer is convinced that if not given nvajor consideration 
at design stage, the effects could easily bring about failure of a machine 
that was magnetically satisfactory. For instance, illustrating (r) and ((/), 
once during the operation of the machine, hereafter described, it was 
stopped with a full hopiier of dry sand without first turning off thi- 
water supply to the top jets (see Figs. 1, 3, and 4). A small trickle of 
sand ran out from the clearance left for mechanical reasons at the '.‘ud 
of the feed roller. When the sand touched the wet surface below, it was 
immobilized and not swept away by the water, as the magnetic field 
n-as functioning. It immediately built up into a pile until the gap between 
the wet belt and the hopper was effectively bridged. Water then tra\'elled 
up this pile by capillarity and damped the stind in the bottom of the 
hopper before the machine was restarted. 

The machine could not be made to function again until the sand 
and hopper had been removed and thoroughly dried. An attempt was 
made to clear it by opening the feed gate (Fig. 5.) to its full width 
of half an inch and poking the sand down from above with a rod, but 
without success. Only after dismantling and thoroughly drying the 
h.opper could sand be made to go through it. 

The magnetic separator illustrated in Figs. 1 and 2 and depicted in 
Figs. 3. 4, 5, and 6 was devised and proved very satisfactory in use. It 
Avas constructed mainly of standard steel sections and electrically welded 
^vhere possilile. As constructed for sampling work to be fed with dried 
sand, it consisted of— 

{1 i A galvanized steel tray to catch the water dripping from various 
points of the machine when working and to allow of its recircu¬ 
lation. 

(2 ) An angle-iron base with two vertical plates welded to one end 
and a suitable anchorage for turnbuckle (5) to the other end. 

(3) A cradle frame with plates welded as illustrated to provide 
suitable fixtures for bearings and spindles of the four licit rollers. 
This frame was pivoted on two brass screwed and hexagon.'d 
flanged bushes (4 ), which were secured by suitable nuts, aiid its 
inclination to the base plate (2) was adjusted by means of the 
stout turnliuckle (5). 

(4) Two pivot bearings turned from hexagon brass sectioivarid con¬ 
centrically bushed with phenol formaldehyde plastic bushes, to 
serve as water-lubricated bearings for the driver roller shaft. 

( 5) A turnbuckle consisting of a long hexagon rod threaded both left 
and right hand at the ends, and relieved below the depth of the 
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thread for the middle half of its length; and two oppositely 
threaded steel eye-bolts and lock-nuts. 

(6) and (7) Two flanged belt pulleys, (6) being the driving pulley 
and (7) the idler, fabricated from brass tubing and plate-brass 
ends and fastened by sweating with soft solder. Bosses were 
easy-flowed to the flange plates before assembly and boring; the 
torque was transmitted from the shaft by means of two tapered 
pins—one through each boss, 

(8) Two adjustable bearing blocks of phenol formaldehyde ( bakelite 
resin) with a square milled on a round section, thus leaving a 
retaining flange just visible above the retaining cage which 
consisted of a steel section welded to cradle frame (3). 
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(9) Two adjusting screws and lock-nuts by means of which tlu- 
bearings (8) could be adjusted up to three-fourths of an inch of 
travel to give correct belt tension and alignment of the idler 
pulley, so that the belt would not climb up on the flange jilates. 
This latter adjustment was very critical, but, once obtained, quite 
satisfactory, 

(10) and (11) Not visible in the photograph, but shown in l^'ig. 1 
are two belt idler rollers. They were constructed from brass 
tubing with ends turned from solid bar and soft-soldered in. 
They were suitably bushed with phenol formaldehyde bushes for 
bearings, as the shafts were stationary. It will be noted that (11) 
operated on the opposite surface of the belt to the other rollers 
and was made as a stepped cylinder to accommodate and supijort 
the side runners of the belt. 

(12 ) A fabric reinforced rubber belt was moulded from sheet rublier 
and soft three-eighths of an inch by half an inch rectangular 
rubber sections. It will be seen to have raised endges in the 
form of three-eighths of an inch by half an inch strips moulded 
to the edges of tlie flat portion. These strips i)erfoiTned the double 
dut}’ of i)reventing the water stream and sand from spilling o\ er. 
and' also gave the necessary location of the belt during its reflex 
running over roller (11). It will be seen that the licit was made 
to conform to a path which may be likened to the outline of 
a boomerang. In this way four .surfaces or two ends of an 
endless path were obtained from which water would drain by 
gravitation, and so enabled the two sand fractions to be washed 
from the belt, despite their clinging tendencies, without carry¬ 
over. This belt path was realized to be the critical feature of the 
design with no alternative ; and some misgivings were, entertained 
as to u’hether a suitable belt could be made locall\' that would be 
sufficiently uniform not to climb and sufficiently strong and elastic 
in the side runners and their vulcanizing to withstand the excess 
compression of inflexing over the roller (11). An analysis of the 
strains and stresses in the side runners and in the adjacent belt 
section in passing over the roller (11) shows a very complex 
situation. 

In the middle portion of the belt, flexing is normal, but at the 
edges. Itecause of the fabric reinforcement, the top surface cannot 
stretch as it runs over the rollers and the flexing compresses the 
runners about this top surface as the neutral axis; further, the 
friction due to the belt loading against the step of the roller 
tends to prevent strain due to the above compression and must 
give rise to high stresses; to relieve the steps of the roller so 
that the runners would not be supported would make the .‘situa¬ 
tion worse rather than better in that the unsupported edges would 
tend to shear off. However, the belt as delivered was ver\' suc¬ 
cessful. The requirements of the belt have been discussed at 
length, so that if an attempt were ever made to scale the machine 
up to larger size, the problem piresented could be antici],)ated. In 
such a case, if an extruded or moulded belt were formetl in the 
section of a shallow U with the sides of similar thickness to the 
belt, a technique could possibly be devised for the sides to flatten 
in passing over the inverting roller, which could be a plain 
cylinder., ■ ^ 
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(13) An electro-magnet .-jecurecl b>' four studs to the cradle Irame 

_(3) and Fig. 2—shows the manner of its construction and 

assemblv. As water continually flows over it, it had to Ije full\' 
watertight as a unit, or else the low resistance paths presented 
would have caused rapid electrolytic corrosion, even if between 
turns insulation had not broken down. After standing immersed 
under 2 feet of water for a w^eek. the lowest earth test recorded 
from the unit w^as 2 Alegohms. The "tin can” construction 
(shown in Fig. 2) of soldering every joint exce]3t the gasketed 
seal for the terminal slab of unfilled phenyl formaldehyde proved 
both simple and effective. As will be seen in Fig. fhe leads 
to each of the five windings were brought out individual!)^ so 
that all possible combinations of polarities and connections could 
be tried. The. windings were each desigired for a continuous 
rating of 200 ^^’atts on the assumption of a good flow of water 
over "the magnet, and reached this capacity on 20 Volts. After 
actuall)’ running the magnet to full capacity for some four hours, 
the terminal plate was removed and the windings inspected. No 
over-heating aijpeared to have occurred, nor w'as any smell of 
over-heating detected. 

(14) Clearly shown in Fig. 5 are the diamond-shaped pole shoes 
which were made fully removable and held by the single counter¬ 
sunk screrv shown, so that other types could be tried if necessary. 
The original design shown proved so successful that no others 
were tried. 

. (15) A mild-steel feed hopper mounted by means of the H-bracket 

(16) to the cradle frame (3). Figs. 3 and 4 show clearly the 

.series of holes provided in this frame so that the position of the 
hopiier could be varied and the best point found at which to feed 
the sand on to the belt. The upper bolt (17) passed through a 

slotted hole in the H-bracket (16) so that it could Ije j^ivoted 

alxiut the lower bolt sufficiently to provide adjustment of belt 
tension just a little greater than that which would be effected 
i)y removing one section from the Whittle Vee Belt. 

(18) Two bearings for the feed-roller shaft (19). which also acted as 
the countershaft for the reduction drive to the main driving-belt 
pulley. This ratio was so arranged that the surface speed of the 
belt was a little greater than the peripheral speed of tlie feed 
roller (20). All sliafts were of stainless steel. 

(20) Fig. 5 shows the feed roller: though many types of surface 
grooving were tried, a plain cylinder proved best. The roller 
.first used was of brass, but, as this wore fairly rapidly, it was 
reduced in diameter and an eighth-inch (iin.) thick rubber 
sleeves was fitted to it; it then performed and resisted wear vtrry 

: well. The cause of the wear was traced to the presence of a few 

larger particles in the sand which, unable to pass through the feed 
gate, rolled about behind it, thus wearing the roller away. AVhen 
the surface of the roller is resilient, such a particle, on becoming 
wMged, is carried through, and does not undulv wccir tlie 
surface. With the grooved type of roller, it was found that little 
feed occurred until the gate (21) was opened at least the diameter 
of the sand grains, and beyond that point a very great increase 
in feed wa.s obtained for a; small increase in gap, so much so, 
that the wear occurring during a run .(one hopper full) almost 
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Fig. 4.—Close-up view of separator, showing constructional details. 


doubled the feed rate towards the end. With the cylindrical 
roller, however, the gate gap was not very critical, a much larger 
gap being required, and little wear if any seemed to occur at the 
gate; the machine would then remain in adjustment for several 
days. 

(21) The feed gate adjusted for nomial feeding is shown in Fig. 5. 
The maximum width of the gap for clearing is half an inch. 

(22) A locking screw for the feed gate was placed inside the hopper, 
because the splash guard (23) made it inaccessible for manipula¬ 
tion. 

(23) Just showing in Fig. 4 is a splash guard that was found to be 
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necessary after the machine had been built. Previous mention 
has lieen made of the difficulty, of feeding damp sand. It was 
early found that the occasional splashing of water on to the 
exposed feed rolled (see Fig. 1) was sufficient to prevent the 
sand from feeding through the gate. This splash plate was then 
fitted and effectively cured the trouble. 

(24 ) A ^VHittle half-inch Vee belt, which was luscd so that the hopper 
position could he readily adjustable. The machine was driven liv 
a J h.p. motor with a capacitor starting: a Jf h.p. would have been 
better, perhaps, as there was a full load for the ^ h.p. motor; an 
ordinary split-phase starting motor could; not develop sufficient 
torque to start the machine. The large amount of power absorbed 
by this fairly slow-moving machine (100 r.p.m.) is no douht due 
mainly to the large frictional load of the belt against the magnet. 
The surface speed of the belt was varied by means of the relative 
si/es of the motor and counter-shaft pulleys and secondary drive 
ratio between the belt-driving shaft and the feed-roller shaft being 
kept constant at 4:15. 

(25) .\ slotted bra.ss tube that delivered a high-velocity fi.shtail jet of 
water against the under surface of the up-grade belt and so 
sluiced the concentrate from it. 

I Note. —From here onwards refer to Fig. 3.) 

(26) Another fishtail water jet which provided the main stream of 
water that carried away the gangue. This jet required careful 
design. It was found best that the w^ater should issue in a sym¬ 
metrical streamlined sheet, at a velocity al)out equal to its eciui- 
lilirium velocity down the belt and with a slight velocity com- 
lionent from either edge towards the centre. 

(27) brass tube providing two auxiliary fishtail side jets which 
.served to divert towards the centre any gangue which, travelling 
against the sides of the belt due to stagnant water conditions 
and extra fi'iction there, would not otherwise have been rejected. 

(28) and (29) Two brass chutes which collected the discharged sands 
and water and delivered them into suitable containers. Gallon 
Iiaint tins .were available and proved vei'y convenient, as the 
annular groove around the top provided a verv effective trap for 
any fines tending to escape. The. discharge water carrying the 
.sands, after losing its velocity and dropping the sands at the 
bottom of the tins, escaped ,at slow speed over the levelled rims 
of the tins and dowm to the sump. 

(30 ) A centrifugal recirculating pmnping unit which made the 
machine largely independent of water supplv and ensured con- 
-stant water conditions wherever operated. 

(31 ) Brass throttling cocks by means of which the desired ‘diead" 
could be applied to the fishtail jets (25), (26), and (27). 

(32) An old aircraft airsjoeed indicator ivhich, suitalily connected, 

served as an excellent low-pressure water gauge in the snoolv 
to jets (26) and (27). t, 

(33) A voltmeter across the electro-magnet coils. 

(34) A rheostat for adjusting voltage applied to the electro-magnet 
: between battery tappings. . 




Fig. S.—Close-up view of the top face of the electro-magnet, showing the pole 
shoes; showing also the details of the feed gate and roller. 

(35) T^yelve-A^olt accumulator with a dry-plate rectifier floating; 
across it. 

The original lubricant, water, was quite satisfactory for testing the 
performance of the machine. When the niachirie proved successful and 
was to be employed to obtain six tons of concentrate, other means of 
lubrication were considered. 

AA^ater-pump grease proved to be. a suitable lubricant and was injected 
to the centre of the bearings by means of standard grease nipples and 
drilled shafts. 

It served the double purpose of keeping stray sand out of the bearings, 
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as its high viscosity allowed it to form a good seal, and also when any 
excess was injected, it flushed out any sand that did get in. 

Though mostly running wet. the stainless steel in phenol formaldehyde 
bearings proved very satisfactory. 

AloniFfCATioNs TO Allow of Continuous Wet Feed with a 
View to Giving Continuous Production 

Wlien required to produce six tons of concentrate, it was found 
possible to devise a very simple wet feed. A Humphry .spiral concen¬ 
trator was employed to remove much low-density material from the 
])articnlar beach sand, and the high-density fraction, con.sisting of mag¬ 
netite, ilmenite, and garnets in roughly equal proportions, was fed 
directly to the .separator as pulp. 

Fig. 1 shows schematically the only feed arrangement found neces¬ 
sary—viz., a flat-bottomed galvanized iron chute inclined lieyond a 
particular critical angle. This chute was so arranged that the sheet of 
]iulp impinged on the separator belt in the middle of the high-densit}- 
flux region between the lowest and next series of pole shoes. The 
magnetic sand grains tended to form a continuously falling magnetic 
curtain on to the belt, while a great proportion of the gangue was swept 
away by the downward drag of the main water stream liefore it reached 
the lielt. d'his simple expedient greatly increased the capacity for pro¬ 
duction and made the operation continuous and automatic. A’ wet feed, 
however, is not suitable for sampling work where full recovery of. the 
.sand fed in is requii-ed; oven-dried samples are then best. The feed 
chute, can just be distinguished leading from the spiral to the magnetic 
.separator iii Fig. 6. 

Operation 

To operate the machine, it was first well hosed down, keeping all 
water from the feed hopper, but making sure that the belt and pulleys 
were well wetted, as these relied on water for lubrication. The edge 
of the licit was lifted and the face of the magnet given a copious wash, 
to' remove any slight accumulation of magnetic sand from between 
the pole pieces, which sand would tend to short their magnetic flux. 
The machine was very sati.sfactory in this respect, and would normally 
run a v\hr)le dai- without undue collection of magnetic sand between 
the ]iole ]iieces. The water pump was then started. The cocks on the jet 
lines were always left open and used only as throttling adjustment.s. 
Then, having been pulled round by hand to make sure there were no 
obstructions, the machine was started. The hopper was always left 
empty, as no means of stopping its discharge, other than the feed gate, 
was provided, and this,, liaving been set, it was not convenient to use 
it as an on-off control. The magnet current was then switched on, the 
collecting tins levelled up, and the machine was ready for use. The 
hopper was designed to hold a gallon tin of sand (30 pounds). Normally, 
the machine was left running continuously, as this eliminated continual 
adjustments. The collecting tins could be readily changed while separat¬ 
ing. If it was necessary to stop it, it was, as before mentioned, essential 
to shut off the water pump first, or else a blocked hopper would result. 
This did not apply if the hopper was empty. 

Operation Analysis 

Five zones can be distinguished in the operation of the machine. 
Gangiti' Discharge Zone 

Beyond the influence of the lower end of the magnet to the lowest 
' point of the belt: '' A 
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Fig. 6. — Geiicral view of the separator set up at Gillespie's Beach, South Westland, 
and taking wet feed from a Humphry Spiral Concentrator. 


Non-maghetic sand grains are swept down the lielt liy the water 
stream, and botli fall under gravity from the lower end of the belt 
and are carried by the lower chute to discharge.- 

Peed and Major Separation Zone .. 

From the point where the feed impinges, to the lower limit of the 
magnet’s influence: 
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When the dry sand falls on to the belt, the magnetic grains are 
immcdiatch' pulled under the surface, but the non-magnetic, being 
slower to sink, are mostly swept away and so a major separation occurs 
here. The magnetic particles, with considerable gangue occluded in them, 
pass up into the next zone. A little magnetic sand is similarly carried 
downward with the gangue, but, as it has to travel across some three 
inches of magnetic path and through a very strong field gradient at the 
edge of the magnet, it is practically all arrested, and can be seen moving 
upward under the down-travelling gangue. . 

More Crilkal Separation Zone 

The magnetic path from lower to top gap between the rows of pole 
shoes: 

Here the occluded gangue is separated as the sand is rolled about, 
due to the zigzag magnetic path, and the gangue exposed to the scaveng¬ 
ing water stream. A long path, slow belt speed, and high water velocity 
favour good separation. The selected speed and the estimated length 
of magnetic path seem quite adequate for the thickness of sand and 
water sheet allowed by the three-eighths of an inch high sides of the 
present belt without spillover. 

In this zone there was a tendency for gangue at the edges of the belt 
to escape separation due to the extra friction of the side strips; this 
Avas found to be the major cause of a slight contamination of the con¬ 
centrate by gangue, particularly chips of sea-shell. Two small jets ot 
water (27) (Fig. 3) were directed into the corners between the belt 
and its side runners at the position shown, and served to force any 
material there away from the side and into the turbulence of the main 
separation stream; this immediately remedied the only evident functional 
defect of the machine. 

Transfer Zone 

From the’ middle of the last pole gaj) to the top of the belt path: 

In this zone the concentrated, gangue-free, magnetic sand passes 
through the impinging water curtain and is carried clear of the magnet’s 
influence, ready for removal in the succeeding zone. It was found Irest 
to make the main jet impinge on the middle of the last inter-pole gap 
and take advantage of the slightly greater pull on the magnetic sand 
towards the belt, to assist the concentrate through the water curtain. 
Once through the curtain, and while the sand is still held to the belt 
for a further three inches of magnetic path, the water drains from it : 
by the time it is passing from the magnet’s influence through a fairly 
strong field gradient that has considerable retaining tendency, it is 
sufficiently dry for the normal friction due to gravity to carry it onwards. 

Concentrate Removal Zone 

The under down-grade slope of the boomerang path from jet (25) 
(Fig. 3) down\vards: 

Here a high-velocity water jet sluices the concentrate from the belt 
into the discharge chute. The situation is most favourable, as the sand 
has only to be wetted sufficiently to release the surface tension forces 
of the little water that holds it to the belt, when it falls under gravity 
away from the belt. 
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Trial Adjustments 

The inclination of the belt, the belt speed, and position of the hopper 
were first roughly adjusted. It was soon evident that there was little 
danger of losing the ironsand from the field of the magnet; the hopper 
uas placed low down, so that there would be a longer path for the 
magnetic fraction to traverse, and so increase the efficiency of dross 
removal. The best position for the feed to contact the belt was found to 
Ije in the middle of the lowest pole shoe gap. The belt speed was varied 
over wide limits. 110 feet per minute being chosen as about the 
optimum. If the inclination was small, the belt carried a large volume of 
water at a bjwer speed before spilling over, while at steep inclinatiim 
a smaller volume at a higher speed seemed to give the same separating 
effect. The slo]je was set roughly at 30° and a more systematic study of 
separating made. 

The next characteristic of the separator to be explored was the 
magnetic field. At the design stage the field required was largely a matter 
of conjecture, so all available space was utilized for windings, and the 
electro-magnet designed to the thermal limit of the space and materials. 
It was felt that the poles .should be of alternate polarity, but a trial 
Avith them all of the same polarity was made in case some false assump¬ 
tion had been made. However, such a scheme showed no promise, and 
little effect Ava.s obtained on the sand, even at full field strength; this 
^\•as expected because of the high reluctance of the magnetic circuit and 
the small field gradients. Then trials were made with the windings 
connected in parallel and to give alternate polarity. The D.G. supply 
was from two 12-\’olt storage batteries that were continuously charged 
from a dry-jdate rectifier. Starting at 20 Volts, the voltage was reduced 
by stages to tw(.) Volts per winding, samples being run through at each 
stage. At 20 Volts practically all material that could be called magnetic 
was retained, and successiA'cly lesser amounts were retained as the 
voltage was reduced. At 10 Volts the separation was into about eciiuil 
parts: the non-magnetic fraction contained no ironsand, Init the mag¬ 
netic fraction contained a great proportion of the hybrid particles men¬ 
tioned before and dross. Visual examination under the microscope was 
the meth(.>d (.if assc.ssing the quality of the magnetic fraction, and a 
l.iu\verliil Ahiicu magnet was employed to detect truces <.)f ironsand in 
the noil-magnetic fracti(.!n. As the A’oltage was reduced, successively 
less of the dross was retained, and the tjuality of the magnetic fraction 
improA'ed, while Init little ironsand was found in tlie non-magiietic 
fraction, until at the last 2-Volt stage a small amount was detected. 
Attention was then concentrated on the angle of inclination of the belt 
and the size and position of the top jet (26) (Fig. 3). The conclusions 
reached about this jet Avere that it should he of such a size that the 
required volume of water left it with a A^elocity aljout equal to the (er- 
miiial velocity of the stream, as determined by the inclination and 
friction conditions of its course. A slot of 3/32 in. Avidth gave the best 
performance. Later, two auxiliary jets (27) (Fig. 3 ) Avere added as 
explained before; these jet openings were 3/64in. by -V in. in length. A 
.slight adjiistnieiit of the slope to 35° seemed to improA-e performance, 
hut slope was ivit a very critical factor. Still a little ironsand was being 
lo.st. but the magnetic fraction was a very promising sample. The rate 
of feed was reduced to about half, and loss of ironsand immediately fell 
to negligible proportions, with no change noticeable in the magnetic 
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fraction. Under these conditions the throughput was aliout 280 pounds 
per hour. 

When endeavouring to (jlDtain the highest possible grade of concen¬ 
trate, the main prolilem is to eliminate all possible composite particles, 
i.e., those consisting of both magnetic mineral and gangue locked 
together. By reducing the velocity of the water from the main jet (26 ) 
(Fig. 3) by increasing the port width until on hitting the belt it liad 
attained onl}' its equilibrium velocity down the belt, it was found that 
a magnetic iield just strong enough to hold the sand in the separating 
zone would also allow it to pass through the water curtain. By suitably 
adjusting the strength of the field, it was then possible to eliminate 
practically all the composite particles and give, with the Patea ironsands 
emidoyed, a concentrate some 3 per cent, richer in iron than any 
before’ obtained, even after carefully sorting a small sample with a hand 
magnet. 

It is e^•ident that to obtain reproducible results when working to such 
critical limits, the strength of field and rate of flow of the water from 
jets (26) and (27) had to be constant. The accumulator source of 
current and the electrically driven centrifugal pump gave such conditions. 

Oper.\ting Adjustments 
OpcniHon Cumlltions jor Best Possible Separation 

A 9.5-inch head of water applied to jet (26) (Plate 1); 

1.25 Volts applied to the electro-magnet in parallel connection; 

A belt speed of appi'oxiniately 90 feet per minute; 

An angle of inclination of 35°. 

E.vtrapolating from the curve of field strength versus applied voltage 
a.s measured betAveen 2 and 20 Volts, the field at the edge of the pole 
shoes would be about 105 Oersteads for 1.25 Volts. 

The operating conditions in the machine described, for the best possible 
separation, were— 

Conditions for Obtaining a Good-grade Concentrate at a High Recovery 

A 14-inch head of water applied to jet (26J; 

35° angle of belt inclination; 

110 feet per minute belt speed; 

3 Volts applied in magnet coils on parallel connection, which gave 
a field strength of about 240 Oersteads. 

Under these condition.s, numerous hybrid particles were found in the 
concentrate. 

Operation in the Field 

After satisfactory use in the laboratory, assessing the proportion of 
ironsand in samples of black sand from many New Zealand deposits, 
the separator was employed in the field to separate six tons of magnetite 
sands for steel manufacturing trials recently conducted in New Zealand. 

Fig. 6 shows the general set-up at,the beach and how the magnetic 
separator, was arranged in Series with a Humphry Spiral. The Spiral 
rejected the low-density minerals and fed the heavy minerals to the 
magnetic separator, which extracted a 99 per cent, magnetite mineral 
fi‘om the 30 per cent, magnetic feed. 

It will be seen that the only feed distributor necessary was a flat- 
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sectioned chute that gave even distribution of the sand and water pulp. 
It wa.s found that this chute had a well-defined critical slope at less than 
which the pulp would not distribute itself evenly. The chute was set at 
slope just beyond the critical, this ensuring free flow of feed with a 
niiniinuni of velocity on impact with the separator licit. By making the 
chute of galvanized steel and landing the feed in the middle of the first 
inter-pole gaji. considerable, help to separation was obtained in the 
curtain that formed lietween the chute and the separator, 
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SETTLEMENT ANALYSIS OF A GASHOLDER 
AT SOUTH DUNEDIN 

By K. S. Birrell. Soil Bureau, Department of Scientific and 
Industrial Research, Wellington. 

Summary 

An attempt has l)een made to interpret observations of the settlement of a gas¬ 
holder with a cellular raft-type of foundation in the light of modern soil mechanics 
tiit'ories. Soil tests have indicated that the major part of the settlement of the 
structure for the 18 years during which readings have been taken is clue to a con¬ 
dition of plastic flow in a bed of soft estuarine deposit 49 feet thick underlving the 
ti 'iindation. A minor part of the settlement is due to consolidation of this soil layer. 
The plastic movement seems to be still taking place. The soft estuarine deposit 
possesses an unusually high litiuidity index for a recent deposit. The moisture 
content and shear strength appear fairly uniform in the lower 35 feet of the soft clay 
layer, but adjacent to the holder there appears to be an increased shear strength to 
about 20 feet below groujid-level as a result of the consolidation which has taken 
place. With the present stage of knowledge of soil mechanics, it is not possible to 
predict the ultimate settlement of the holder, but readings should be continued. 
I^arge raft foundations, even when lightly loaded, are not likely to prevent c.xces- 
sive settlement of structures in the South Dunedin area, and piles carried into 
the firmer underlying strata seem to be the only satisfactory method of preventing 
excessive settlement. 

iNTRCtDECTION 

The area around the head of Otago Harbour, part of which has been 
reclaimed during recent years, is well known by local engineer,s to offer 
difficult foundation conditions. In particular, the residential and light 
industrial area of South Dunedin, which may he considered as bounded 
by Anderson’s Bay Road, the Main Trunk railway embankment. For- 
bury Road, and the sand dunes of Ocean Beach, has a bad reputation 
in this respect. As satisfactory pile foundations in this area are costly 
and have Ijeen little used, the settlement of structures is evident to the 
eye in and around Cargill and King Edward Roads. The post office 
htiilding situated in King Edward Road, erected in 1915, has been so 
badly damaged within recent years b\- differential settlement that it 
reijuired demolition (see Fig. 6). 

Successive engineers to the City Corporation gasworks, adjacent to 
the Anfler.son'.s Bay Road, have been aware of the settlement of their 
structures, and during the construction of a new gasholder with a cellu¬ 
lar raft-Upe of foundation a programme of precise le\els was com¬ 
menced. These were first taken in March, 1931, by Mr. E. Fletcher 
Roberts, consulting engineer, of Dunedin, and have been repeated annu¬ 
ally. The gasholder was designed in England, on the basis of information 
regarding the underlying soils which was available at the time and of the 
.‘satisfactory behaviour of a vertical retort house in the works. Although 
settlements were anticipated, soil mechanics methods of predicting them 
were not then wideli- known. However, in view of the possilnlitv of 
uneven settlement, a ci.tlumn-guided holder was decided upon. The level 
reitdings were taken as a precautionary measure, in particular to find 
if it would l>e .safe to operate the holder with the full design height (jf 
water seal. 

Mr. Roberts suggested in 1946 that it would lie worth while investi¬ 
gating the soil conditions at the site, and the records of settlements to 
date have since been imde available to the writer. The opportunity for 
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soil investigation was welcomed by the Soil Bureau to provide a useful 
check on methods being used tor the examination of sites for large build¬ 
ings in other parts of New Zealand. 

Although the settlement of the holder to date is of the (jrder of 20 inches 
(see Fig. 2), no serious damage has resulted, and it has been [lossible 



to adjust the mains connections as required. (The full design height of 
water seal of 184 feet has been maintained in the holder since it was put 
in service.) A tilting of the holder which became evident soon after it 
had been put in service has been controlled by a counterweight of scrap- 
iron applied to the base on the high side. This was applied in increments 


fractional primary consolidalion (u) 
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Fi^2-Bore Soil Moisture 

Liquid and flastic Limits ^ South Bumdin 

(a) Meter House, Gasworks 

Boring Lo^ 


Graveh, filling etc. 
Soft wt seiTtd^ clay. 


Stf"! wet grey silt loam. 


Light grey & dark grey 
'very soft elay loam. 


Stiff sandy loam gradtr^ 
to loamy sand with I 
stiff clay intrusions. j 

Bark silt loam, stff,mois^ 
with sandy lenses. 

Aliemating layers of 
firm moist silt loam, 
and compact gravels 

Stiff, moist, light grey 
silt loam. 

Ccdcarraus eomftaet loamy 
sands of upper Caversham^ 
sandstone beds. 



(Untform to limit f boring 
at 180 ft.) 

[b) Former' Post Office, Kiny Edward Road 


Filling 

, Med.grey very soft wet elay 
it shells. 

Light to medium grey very 
sift wet elaveontaoanyshd^ 

Bark grey sift moist clay, 
no shells. 

Brownish grey moist sandy 
elm loam, sefi to firm. 

Med grey leany sand with 
soft moist elay loam layers^ 

Fine sand. 

Stiff mdsi elay. 

Limit f horing , 


/T 
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between Novemlier, 1936, and March, 1938, to a total of 334 tons. 
The almo.st parallel trend of the settlement curve.s recorded for~points 
around the circumference of the structure during the last ten years 
shows that this reined}' has been reasonably effective (see Fig'. If. 
Water has, however, found its w«Ty into the base, and an automatic 
jiumiiing .system has lieen in.stalled to maintain the water-level at a depth 
of 4 inches in the outer chambers. The holder was built with the base of 
tlie foundation 6 feet below ground-level, and ground water-level is nor¬ 
mally aliout 34 feet below the surface. It is pos.sible that this seepage is 
due to cracking of the base slab, \\4iether or not there is water in the 
inner chambers of the foundation also is not known. 

Description of Soil Strata 

The sequence of strata from the main bore at the gasworks site may 
be described in general as follows. More detailed textural descriptions 
and a plot of moisture and soil-index test results are shown in Fig. 2 (a): 

(1) Six feet of man-made filling, consisting of quarry waste, etc.: 

( 2) Forty-nine feet of soft dark-grey soil varying from silt loam to 
clay loam texture, with occasional large shells: 

The dark colour is due to finely divided iron sulphide, and, 
on exposure to the air, the colour rapidly changes to yellowi.sh- 
brown. This layer will subsequently be referred to as soft silt 
loam. 

(3 ) Sixt}'-six feet of firm sandy loam, but including also some layers 
of fine sand and silt loam; 

The change in consistency from the soft silt loam to the firm 
sandy loam is quite abrupt. No shells were found in the latter 
layer, but there were some wood fragments. 

( 4) Fifty-nine feet of weakly cemented loamy sand.s. belonging to the 
Caversham Sandstone Fomiation. 

The change was sugge.sted by the coarsening in texture from 
the compact silt loams at the bottom of the overlying stratum, 
and became more evident by the high carlionate content of the 
samples (46 per cent, as CaCOa). Proof of the identity of thi.s 
material with the Caversham Sandstone was supplied by a micro- 
faunal examination carried out by Dr. H, J. Findlay, of the New 
Zealand Geological Survey. This stratum was fairly uniform in 
physical appearance, and, as the Caversham Sandstone is known 
to be several hundreds of feet thick in this district, boring was 
stopped at 180 feet. 

A sequence similar to the above to a depth of 72 feet was revealed 
by the boring made at the South Dunedin Post Office site in King 
Edward Road. This profile is shown in detail in Fig. 2 (b ). 

The sequence of strata found in the course of borings at a site for oil 
storage tanks near Logan’s Point was also somewhat similar to the 
above. These borings were made under Soil Bureau supervision on be¬ 
half of the British Petroleum Company of New Zealand, with whose 
permission data relating to this site are quoted. At Logan^s Point, the 
stratum corresiionding to .soft silt loam at the gasworks is^ mostly of 
clay texture, and is less than 30 feet thick. Underlying this are fine 
sands. The Caversham Sandstone beds are absent, hut igneous rock w’as 
found at depths varying between 29. feet and 63 feet. 
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According to information received from Mr. H. Horrock.s, gas engi¬ 
neer. of Dnneclin. a shaft 50 feet deep was excavated some years ago in 
the gasworks ]jroperty, and liand l)oring was continued to 30 feet below 
tlie hottoni of thi.s shaft. The material traversed was all classified as 
“harbour .silt." When the timbering was removed, the bottom 20 feet 
of the shaft collapsed. Tt was apparent from this result that the thickness 
of soft sediments was considerable, and in order to make a complete 
investigation it was decided to hire ]>ercussion well-boring equipment. 
A bore lined with six-inch casing was made 100 feet distant from the 
holder, the hole being advanced by removing the material with a bailing 
pum]i oi:ierating inside the casing. This position was as close to the 
liolder as it was possible to operate without interference to traffic and 
service mains. The soil was classified by examination of large pieces 
I’.rought up by the pump, and three large samples were taken in the soft 
cla}- loam layer at depths of 30 feet, 35 feet, and 41 feet respective!}-. 
A Sprague aud Hemvood “Maine” type split barrel soil sampler fitted 
with detachable head and cutting shoe was used, taking sample.s 44 
inches in diameter and 16 inches in length, the core samples being rt;- 
tained in thin liners of tinplate which were capped and sealed for 
transport to the laboratory. 

The area ratio of this sampling tool was 27 per cent., which, although 
slightl}' greater than that of equipment used in England, is low enough 
to class the tool as suitable for obtaining satisfactory samplesb W'ith 
one blow of the drop weight this sampler could he driven in the soft 
silt loam almost the full distance required. Subsequent examination of 
the samples in the laboratory disclosed no obvious disturbance due to 
the sampling operation. 

Large samples were not taken in the firm sandy loam immediate!}’ 
underlying the soft silt loam, since previous tests on soils of similar 
consistency and texture from Christchurch indicated negligible settle¬ 
ments for loadings comparable with that of the gasholder. 

Subsequently, two exploratory bores were made within 10 feet of 
the holder, using a one-inch Porter-type piston soil sampler which 
c(mld extract seven consecutive soil cores six inches in length at each 
insertion. One bore on the “high” side of the holder with respect to the 
tilt wa.s taken t»j a depth of 70 feet, and the other on the “low” side to 
30 feet. 

The sani]>les taken by this method were used for moisture content and 
field textural classification purposes onl}'. No consistent differences in 
soil conflition.s which would account for the tilt were found between 
these bores. Post-hole borings were ahso made at these locations to 
olitain samples for shear tests by the unconfined compression method 
of Cooling and Golder". It was not jxissible by this procedure to obtain 
samples at deptlis exceeding 20 feet, owing to collapse of the sides of 
the borehole. Soil moistures and soil textures at these liores were 
similar to those obtained at the six-inch bore (see Table I). 

Soil Test Results 
Judex Values 

In addition to the natural moisture, liquid limit, and plastic limit 
results shenvn plotted on Fig, 1, data from other samples taken in the 
district are shoxvn in Table I, , 
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It will Ik* seen that the range of textures covered hv these samples 
is fairly wide. The important soft silt loam stratum at the gasworks is. 
liowever, fairly uniform: from 6 feet to 20 feet below ground-level, the 
texture is silt loam, and from 20 feet to 55 feet it is clay loam. 

It is of interest that the natural moisture content at all sites is higher 
than the lifjuid limit, and in most cases the liquidity index is consiVler- 
ahly above unity, which, as the result of considerable evidence from the 
]iapers of overseas investigators, is the accepted order of this quantit\‘ 
for recent sediments. The only conspicuous example in the literature (if 
a sediment of natural moisture content consideraldy in excess of the 
liquid limit is the lime mud from the Bahamas, known as “drewite." 
described by R. Terzaghi^, which consists of acicular crystals of aragon¬ 
ite. The soft silt loam from South Dunedin contains much micaceous 
material in the fine sand fraction which may contribute to this effect, 
but the mineralogy of the clay and silt fractions, which is also under 
investigation, may help to explain this anomaly. 

The natural moisture contents of samples from the firm sandy loam 
stratum underlying the soft silt loam are considerably lower than the 
corresponding liquid limit values. The most likely explanation is that 
this is a much older cycle of deposition, where some degree of desicca¬ 
tion has been produced by an uplift of the sediments. 
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Shear Tests 

These were made only in the upper soft silt loam stratum. The 
unconfined compression method was used except that, for the sample 
from the Caledonian Ground, which contains the highest proportion of 
.sand, a triaxial compression test was made, under conditions such that 
no water content change was possible, and gave an angle of shearing- 
resistance of zero. The unconfined compression method was therefore 
relialile in theory for obtaining the shear strength of these .sainple.s. 
Samples were taken direct from the boreholes except that those from 
the six-inch bore were extracted in the laboratory from the d^-inch- 
diameter cores taken with the sampling tool mentioned earlier. Table II 
gives the results of shear tests by, this method. 

It will be seen that the strength values of the .samples from the 
gasholder fall into two groups. The samples adjacent to the holder to 
a depth of 19 feet appear stronger than those from the six-inch bore. 
This may be due to the consolidation of the upper layers by the holder. 
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■PABTJi II ■ SHEAR STOKHOm VALP^ - miCOliPlHED COMPRESSION METHOD 


location of 

Saiople 

Depth 

(ft) 

■855 

Ilf" 

% Strain for 

ultimate 

strength 

In 

£ 

% Moisture 
content 

Caledonian Grounds 

,9 

330 

20 

300 


60 

Gasworks 6 inch here 

30 

240 

30 

110 

230 

53 

It n 

30 

285 

30 

ISO 

230 

53 

It It 

ill 

340 

30 

200 

310 

58 

It It 

41 

310 

30 

ISO 

275 

53 

Gasholder flow side) 

9 

750 

12 

740 


42 

II II 

■ 12 

490 

20 

475 


47 

Gasholder (high 

16 

450 

20 

440 

I 

48 

side) 

10 

510 

16 

1 480 


42 

It II 

15 

360 

20 

290 


43 

» It 

19 

380 

14 

365 


53 

Oil tank site 


270 * 






• Mean of 5 values rangine from 245 lb to 290 lb pep 
sq,. ft for samples from 6^ ft to 10 ft, vrtth strain 
values for ultimate strength betwee.a 10 end 20 5S. 

although, in the alisence of corresponding samples from the six-inch 
bore.^ vvliich is farther removed from large structures, this cannot be 
definitely decided. In this connection, however, the lower strength values 
given b}' the samples from the Caledonian Ground and the oil tank- 
site where there are no structures in the vicinity may be significant. 

The samples extracted from the large cores taken at the meter 
house when tested Ijy the unconfined compression method gave, however, 
a rather unsatisfactory type of failure as compared with those from the 
other locations. Considerable bulging of the sample occurred with an 
absence of definite shear planes, and the maximum stress occurred onl}- 
when the strain reached about 30 per cent. This mav point to some 
disturlmnce of the samples, although this was not obvious on inspection. 
It is the usual practice, however, to cart}' out shear tests on smaller 
cores obtained from 4^-inch diameter saniples from bore holes, and 
Skempton-' has recently used this method for testing in the laboratory 
a fairly sensitive clay from the estuary of the Forth. The degree cif 
sensitivity of the soft silt loam is not* yet known, but it is intended 
to examine the stren^h of this soil stratum by means of the rotating 
vane procedures described by Carlson’* and more recently by Skempton". 
when it should be possible to evaluate the effect of sample disturbance 
on shear strength values, and to discover if the unconfined compression 
method is reliable for this soil type. 

ConsoUdation Tests 

^ Three consolidation tests were carried out on cores 2| inches in 
dimueter and I inch in thickness, cut from each of the large samples 
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t'rum the bore at the meter house, and obtained as descri1)ed in the 
]^revious section on “exploration and sampliirg procedure." The oedome- 
ter apparatus was of conventional design, the loading increments pret- 
cceding from 0.2 to 3.0 tons per square foot and in some cases t(.i four 
tons per square foot. (Most of these loads were left on onlv for the 



conventional 24-hour ])eriod, since, owing to shortage of equipment, 
extension of the loading time would have held up other testing projectsL. 
in hand. In two instances, however, the loads were left on for three 
days, and, in two other cases, for two days. It was found that apprecial)le 
additional settlement did occur after the end of the 24-hour period, 
and it seemed preferable to compute the total settlement due to consctli- 
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elation on the basis of a three-day period for all increments. Although 
insufficient information was available from tests on the natural samples 
to enable this to be done satisfactorily, tests subsequently carried out on 
a completely remoulded sample showed that for a load increment of 
0.5 ton alioiit 80 per cent, of final settlement would occur in 24 hours, 
and tor a load increment of four tons about 95 per cent, in the same 


Fractional consolidation (uj 



time, and that the proportion of settlement in 24 hours for intermediate 
leads could be roughly calculated. The results obtained from the isolated 
increments of longer duration on the natural samples confinned that the 
interpolation of calculated results gave a fairly good approximation of 
the final settlement, and eonseciuently all 24-hour increments were 
transformed to three-day increments. . 

Tile results of the tests are shown in Fig. 3, in which the void ratios 
of the soil, as calculated from the obser\'ed thickness change after the 
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cunclusiun of each loading increment, arc plotted against the applied 
pressure on a logarithmic scale in the usual manner. The application 
of these curves to the calculation of the ultimate settlement of the gas¬ 
holder will be described later. 



a more pronounced initial cttr\fature, by comparison :with samples of 
sensitive clays given in the literature, would be expected. The curves 
when corrected tt» thrte-clay increments as described above are, how¬ 
ever, almost straight. The« original curves for one-day increments show' 
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some curvature, liut it is only of a comparatively minor order, and 
there is no possibilit}- of identifying the Casagrande preconsolidation 
load. 

The remoulded specimen was made up at a moisture content of 68 per 
cent.—that is, higher than that of the undisturbed sample, and its initial 
voids ratio is likewise considerably higher than that of the natural soil. It 
would be expected tliat the compression curve would show an initially 
steep curvature, and it would then gradually flatten out and lie beneath 
the line for the natural sample, as can be deduced from the curves given 
hy Skempton fur the Gosport clay''. However, a straight line is obtained 
for the relationship between voids ratio and pressure over the range 
0.25 to 4.0 tons per square foot. It is not jjossible with the present 
information to offer an explanation of these apparent irregularities, and 
clarification must await fiu'ther work. 

In order to compute the time rate of settlement of the gasholder due 
to the consolidation effect, the approximately constant “coefficient of 
consolidation’* was calculated from the results of the consolidation 
tests, ^^4lere the initial and secondary compression stages are unim¬ 
portant with respect to the primary compression effect, which alone 
conforms with the Terzaghi theory, a simple method of calculation of 
the coefficient as used by Cooling and Skempton for London clay^ would 
l)e a])plicable. This method of calculation depends on obtaining a linear 
relation between U, the fractional compression of the sample at any 
instant for values of U up to 0,52 and \/t where t is the time measured 
from the moment of application of the load increment. Although the 
initial settlement stage is quite small for the gasholder samples, the 
secondar}- effect is very marked, and obviously sets in at a very earh* 
stage. Fig. 4(a) shows the curve for the 36-foot sample for the incre¬ 
ment 0.4 to 0.6 ton per square foot compared with the theoretical curve 
liaving the same slope over the linear portion as the e.xperimental curve. 
This increment was apiilied for three days, but other increments of about 
the same order applied for only one day gave still more divergence from 
the theoretical curve. It is of interest to note that the remoulded sample 
in Fig, 4 (a) also shows a marked though lesser divergence from the 
theoretical curve than does the con*esponding "undisturbed” sample. 

A remoulded London clay siimple investigated by Cooling and Skemp¬ 
ton'’ shows very little divergence from the theoretical curve. 

The presence of the secondary compression effect can also be seen 
in Fig. 4(1)), where U is plotted against log t for the same undisturbed 
sample as in Fig. 4 (a), and for the same loading increment. For com¬ 
parison. the curve for this relationship based on the Terzaghi theory 
is also shown in Fig. 4 (b). The increase in slope of the experimental 
curv'e beyond the point where t = 1000 minutes is an unusual result. 
This effect was also obtained from the remoulded sample with loading 
increments up to 0.6 ton per square toot. 

In order to try to eliminate the effect of secondary compression from 
laboratory time-settlement curves, so that the settlement of a structure 
due to primaiT compression can be plotted, three methods of curve 
fitting are available. These are—: 

(1) Taylor’s method; 

(2) Casagrande’s method: 

(3) A new method depending on the almost linear relationship 
between log l-LT and t for values of U between 0.6 and 0.8 
proposed by Naylor and: Doran*". 
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Tht‘ procedures and relative merits of these methods are discussed 
liy Naylor and Doran in their paper. 

It was found in the present investigation that there was considerabh' 
irregularity in the values for the coefficient of consolidation, as found in 
the three samples tested, even by one particular method, and it was 
difficult to decide on a reasonable value to take tor the coefficient in 
order to compute the rate of settlement of the holder due to the ])rimary 
consolidation effect. 

None of these methods is apparently suitable for isolating the jirimarv 
consolidation effect when .secondary compression is. as in the present 
investigation, a large part of the settlement process. It was found that 
the three methods gave values of different orders for the same .sample 
and increment. Taylor’s method gave the highest values. Casagrande's 
was next in order, while Naylor and Doran's tended if anything to give 
results lower than tho.se given by the simple U:\/t relationship. Casa- 
grande’s method was applicable in only a few instances, owing to the 
difficulty in finding a definite inflexion point to the curve to indicate the 
end of the primary consolidation .stage. With the available results, the 
most reasonable value for the coefficient in the primary coiLsolidation 
stage for the three .samples would be 4 X 10~“ in.- per minute, this 
being an average value given by Taylor’s method for the increments u]) 
to one ton per square foot. The .selection of Taylor's method value is, 
nevertheless, open to the valid critici.sm made by Naylor and Doran 
that it can be misleading if secondary compression begins before 
U = Q.9, but this difficulty would probably arise, although to a lesser 
extent, tvith their own method for these .samples, since they have 
assumed no secondaiy' compression before U = 0.8. Their method 
requires here a tedious double correction in order to obtain the required 
straight line in the region where U = 0.6 to 0.8, and it apparently alters 
the value of Cy but little from the value given by the U:\/t relation, 
which is of the order 10“^' in.- per minute. In spite of the obvious 
shortcomings of Taylor's method, the .selected value for Cv .should give 
a reasonable upper limit to the settlement rate of the gasholder. More 
satisfactoi*}' values would have been obtained with all method.s if each 
increment had been of three-day duration, but because careful planning 
of the times of taking readings is required, particularly when using 
Casagrande's method of curve adjustment, a better procedure might lie 
to use thinner samples of. .say, half an inch in thickness. This would, 
however, have required alterations to the apparatus which were not 
convenient to make at the time, and might also have caused difficulties 
due to the presence of small shells in the samples. The range of values 
given by increments of three-day duration are showm in Table 111 for 
the unchsturbed and remoulded cores from 36 feet depth. However, 
this sample gave for all increments values of Cv of a lower order than 
did the other two samples, so that the figures in this table do not indicate 
an average result. The finer textured sample from the oil-tank site 
gave more consistent results by the %Tirious methods of adjustment, 
tile secondary compression effect being less apparent. 
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Tabi.e tit.—Coefficient of Consolidation given by Proposed AIethods 


Sample 


36 ft. Undisturherl gasworks 
36 ft. Remoulded gasworks 


Increment of Coefficient in in.- per min. from 
Artjtislment i„ctl.al 




(f) 

(2) ■ 

■'T3)' 

0.4 to 0.6 

.00075 

.0018 

.0018 

.00075 

0.4 to 0.65 

.00044 

.0015 

.00077 

.00048 

0.65 to 1.2 

i 

I .0012 i 

.0029 

.0015 

.0013 


Settlement of Gasholder Due to Consolidation 

The unit loading of the structure at foundation level is 0.36 ton per 
'.square foot, allowing for six feet of .soil excavated for the foundation 
assuming ground water-level to he at 34 feet below the surface. Taking 
a Roussinesq distrihution of pressure in the soft silt loam, the pressure 
at the Ixittom of this stratum will be 0.2 ton per square foot. .Assuming 
further that the soft .silt loam is in equililiriuni with the natural over- 
hurdvn iiressure at all d<'pths, the procedure of l-’almer and Barlier” 
for estimating the ultimate settlement of the holder due to consolidation 
gives the following values for the three samples tested:— 

31-foot samiile . 19.5 inches 

36-fout .sanijile . ... 20.3 inches 

41-foot .sanqile .. 18.5 inches 

'Phe mean result is 19.4 inches. 

TMiysically, it is doubtful from the moisture, liquidity index, and shear 
.strength re.sults if the deeper layers of the soft silt loam have reached 
Cfjuilihrium under the natural overburden. Although this difficulty has 
engaged the attention of .soil mechanics investigators, it has not yet lieen 
.satisfactorily solved. If one takes the rather extreme view that the 
original load on the soft silt loam before the structure was liuilt 
nowhere exceeds that clue to the topmost layer of filling, etc. ( amounting 
to about 0.3 ton per scjuare foot), the ultimate settlement figure would 
lie increased to approximately 25 inches. It is the usual practice, how¬ 
ever, to assume, when making settlement estimates, that compressible 
layers of soil are normally consolidated in nature’-. 

It has lieen found that for many clay soils the compression index Cp 
is related to the liquid limit approximately by the relation C,. = .009 
(L.L. —• 10 per cent.), where C,. is ecpial to the tangent of the slope of 
the linear portion of the pressure-voids ratio curve (see Fig. 2). The 
experimental results aire compared with those calculated from the above 
eciuation in Talile IV for some Dunedin soils. 

Table. I\’'.—A^alues of Compressiox Index from Experimental Curve.s 
AND Liquid Limit Relationship 


Sample 


Gasworks, 36 ft. 


Liquid 

Limit 


Cc from 
p-e curve 


Cl- from 
liquid 

curve/Hmit 


i 36 


0.38 


0.23 


Oil tanks, 8 ft. 
Oil tanks, 15 ft. 


57 

41 


0,52 

0.49 


0.42 

0.28 
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Since the settlement of a structure is proportional to the compression 
index for the soil, use of the liquid limit relationship Avould not give a 
relial)le estimate of the magnitude of settlement to he expected"^ with 
these soils. Terzaghi states that the correlation of compression index 
and liquid limit relationshi]! does not hold with extra-.sensitive clays, 
hut the Dunedin soils do not give pressure-voids ratio cuvve.s typical 
of such cla}^s, at lea.st within the range of pressures crivered in these 
tests. 

The settlement curves for the ga.sholder based on consolidation theory 
are shown in Fig. 1 for conditions of single and doulile drainage of the 
soft silt loam layer, the value for Cy being taken as 4 X BV" in.- ininute 
for the reasons given earlier in this .section. It is considered that drainage 
is likely to take ]4ace mainly through the rubble filling under the con¬ 
crete base of the holder. The underlying firm sandy loam .stratum will 
not be sufficiently permeable to allow free drainage, so that the actual 
conditions would a]:ii)roximate to that of a clay layer draining from the 
u|)per face only. T.schebotareff’" has discussed the drainage of clay 
layers .sandwiched between other soil layers of comparaltle permeabilities, 
but he considers it unlikely that a u.sable relation for c«»m|)utitig settle¬ 
ment rates can he arrived at for these conditions. It is ])robal>le, there¬ 
fore. that the actual .settlement f)f the gasholder will be slightly fa.ster 
than re])resented by the .single drainage cum* in Fig. 1, but considerably 
less than for the (loiible drainage curve. It is to be noted also that the 
double drainage condition predicts an average .settlement for the first 
two years greater than the observed values. 


Shear Stre.s.se.s Under .Strfctitre 

If it be as.sumed that the ga.sholder acts in a similar manner to a 
uniformly loaded circular area resting upon a semi-infinite isotropic 
elastic medium, data published by Jurgenson’’* show that there would 
be a zt'ine of maximum shear stress of the order of 250 pounds per 
.square foot equal t»i 

unit foundation load 


under the perimeter of the. holder, and occurring in a zone roughly 
lietween five feet and 25 feet lielow the base of the foundation. Shear 
stresses of this order would occur under the centre of the holder only 
at depths greater than the bottom of the soft layer, where the calculated 
stress is about 230 pounds per square foot. 

It is probable, however, that the stresses in the soft silt loam layer 
are actuall}- higher than those computed for a semi-infinite elastic 
medium due to the change to a stronger layer at 55 feet depth. Jurgen- 
son states that for the case of a rigid layer such as rock occurring at 
a depth equal to one-fourth the width of a long uniformly loaded strip, 
the principal shear stress will be increased by as much as 60 per cent, 
above the corresponding value for a semi-infinite elastic medium. 

Since the basic mathematical data^'"* which Jurgenson has made use 
of ill his calculations are not at present available in Neiv Zealand, it is 
not possible to compute \vhat percentage of additional shear stress 
would be produced at the base of the soft silt loam layer under the 
particular conditions at the gasholder site, assuming that the firm sandy 
joajn behaves as a rigid boundarjL 
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Dlscussion 

Since tlie main object of the investigation was to compare the 
(;bservecl settlements with the values predictable from soil tests, the 
main points of interest are that the mean settlement to date is about 
three times the most reasonable value which can be deduced from con¬ 
solidation tests, and that the settlements for all corners of the holder are 
still proceeding at a I'ate considerably in excess of that given by 
consolidation theory. 

This effect could conceivably be produced by a considerable overstress 
in shear of the soft silt loam layer, but since the weight of the structure 


Fig. S Shear Stresses tinder Gasholder 

Sf}eaf~ Siress’es ihdtcaf^d ^number- at points shown {Ih. Jii) 
{r ' radius circle equivalent arva • 



assumed to have qained si^icient 
strength hy consolidation not 
to be overstressed. 


{2) Pata from Jurgenson (W p.J76. 


has been approximately uniform it is surprising to find settlements due 
pre.sumably to a plastic flow condition so niuch in evidence after 18 
years, although the average annual settlement rate is now decreasing 
markedly, the amount for the t’ear ending December, 1949, being 
one-fifth of an inch. When the estimated shear stresses given in the 
preceding section are compared with the shear strength vahies given in 
Table II the strengths at 10 per cent, strain (average about 160 pounds 
per square foot) give good evidence for a large zone of considerable 
shear overstress (maximum value about 50 per cent, even if no addi¬ 
tional stress increase at the firm sandy loam boundary is assumed). 
The shear stresses under the structure are shown in Fig. 5 with the 
oyer-stressed zone hatched. If the as.sumption regarding increased stress 
in the neighbourhood of the firm sandy, loam boundary is made, a con¬ 
dition of shear overstress will result with strength values corresponding 
to higher values of strain than 10 per cent In this connection, it is to 
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be noted tliat the Swedish Geotechnical Institute'" uses the shear 
strength \alue at 10 per cent, strain as being the critical value for 
rupture of the soil, as found by analysis of circular arc failures. 

The extent of the overstressed ztjiie and the order of niaxinuun over¬ 
stress shinvii in Fig. 5 is comparable with data given by G1ossu],)'l Imt 
unfortunately he gives no description in his article of the behaviour of 
the structures. Me suggests, however, that this conditicjii will give rise 


Fig, 6.—Damage due to settlement in former post office. King Edward Road (now 
demolished). 

to lateral .strain and the settlement will be greater than that predicted 
1)y consolidation theory, but that the magnitude of the additional settle¬ 
ment can be estimated only from actual cases where this condition of 
(.)verstress occurs. A satisfactory basis for design of the holder on 
present knowledge which would allow settlements to be predicted from 
consolidation tests would be that shear stresses in the soft layer nowhere 
exceed ICO pounds per square foot, i.e., allowing for 60 per cent, of 
additional stress at the base of the soft silt loam layer. 

A better idea of the over stress conditions under the holder may he 
obtained if further shear tests are carried put with the vane-t\'pe instru¬ 
ment referred to earlier, and. if more exact methods become available 
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for compHting shear stresses for the particular conditions revealed at 
the gasworks site. 

The variations in rate t,)t consolidation of these soils .seemed greater 
than could he accounted for by variations in te.xture. It is possible that 
the type of sampler used in England for handling soft clays' may give 
better results than tlie split-barrel type used in this investigation. 

It is apparent, however, that the soft silt loam soil from the gasworks 
site has rather unusual properties which render determinations of shear 
strength and consolidation data rather difficult to carry out so as to 
(.tbtain results readily applicable to practical prolilems. 


CONCLLLSIONS 

(1 ) The discrepancy between the obseiwed settlement rate and that 
Itredicted in' the theory of coiLsolidatiun can on ]>rescnt evidence be 
accounted for only by postulating a long-term condition of plastic flow 
in the soft silt loam layer. 

(2) The e\'idence that plastic flow is due to consitlerable .shear over- 
stress re(|uires to be inve.stigated 1>y further te.sts at the site and in 
the laboratory, altln.iugh on ])rcsent eviilence it is likely that the inaxi- 
mum amotint of shear uverstre.ss is at least 50 per cent, 

(3) The ultimate settlement of the holder due only to the consolida¬ 
tion effect will lie of the order «>f 20 inches, Imt the real settlement may 
be .several times this value. It is not ]>ossible at present to predict the 
magnitude an<l course of the real settlement. The auKaint (tf consolida¬ 
tion which has taken place to date probably dues not exceed 50 per cent, 
of the ultimate value. 

(4) .Settlement records .should be continued, althougli it does not 
appear essential that they be taken annually, 

( 5 1 The magnitude of consolidation settlements for structures on the 
South Dunedin soils cannot safely be predicted from their litiuid limit 
values. 

(6) Large structures, even where the unit loading is quite light, 
sliould not in general be built in the South Dunedin area unless pile 
foundations are used. Large rafts with loads in excess of a quarter of 
a ton ])er .square foot may overstress the .soil. For smaller footings, the 
effect (.if slight shear overstress would not be so serious, Init some 
settlement due to consolidation would result. 
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NOTE ON CONTROL OF EARTHWORMS 
IN GREENKEEPING 

B)' G. S. Harkis, Grasslands Division, Department of Scientific and 
Industrial Tvesearch. Palmerston North. 

Summary 

Fdllcwin.u (jji the results or overseas work', an investigation \va.s made into lire 
use of flerris dust as a worm control under New Zealand conditions. From the 
viewpoint of convenience of application, effectiveness, economy, and relative non- 
toxicity to other animals, it appears to have decided advantages in, comparison 
with other methods, 

Experimental 

An exix-riment was conducted using the commercial preparation of rotenone 
rlcrris flust frir the control of garden pests, and the results showed that the concen- 
tratie.n rif active agent “rotenone" (0.5 to 0.7 jwr cent.) was insufficient. By 
increasing the r<itenone percentage, the optimum kill of worms was recorded at a 
centent of 4.0 to 4.1 per cent, at ioz. of preparation per square yard. 

After using 4.0 to 4.1 per cent, of rotenone derris dust at i oz. per square yard , 
on four plots eacli one yard square, placed at random along base lines of a tennis 
court (where mowing was impossible because of %vorm casts), the following 
observations were made:— 

(1) Over a period of six days. 602 worms were killed. 

(2> Maxinmm kill occurred after 24 hour.s. 

(.1) Ttixic effects were apparent for a further six days. 

.\llhough derris du.sl was not as quick-acting as .some otlier agents, it was 
fr>und that all worms brought to the surface <lied within a short period. With some 
of the other treatnu-nts, the worms are brought to the surface quickly, Init they 
recover, and, unless swept up immediately and rlcstroyed, a certain number return 
to the .stiil. Rainfall after application enhances the effect of the treatments. 

Derris dust wa.-; found to be equally as effective as other chemical worm 
cfinlrols, and in some cases gave a better result. The investigations described were 
solely for the puri)ose of ol»taining comparative data, and further detailed^ W'ork 
will he necessary before fmal recommendations can he made. However, the follov 
mg pijints will he'of interest to greenkeepers:— 

t l) Derris dust bavdng a rotenone content of 4.0 to 4.1 per cent, definitely kills 
worms. 

(2) Importers and manufacturers can supply this product. The effective rate 

of a])plication is i o?-- of derris dust per .square yard washed in with one 
gallon of water. 

(3) If control measures are undertaken when the worms are active, and in 

mild, showery weather, the dust will l>e washed into the soil and the 
, amount of water required to be added will_ be reduced. One-quarter of 
an inch of rainfall is equivalent to approximately one gallon of water 
, per square yard. 

(4) There is every indication that much smaller quantities of derris dust (con¬ 

taining 4.0 to 4.1 per cent, rotenone ) will be effective. 

(5) Derris dust is reported to be non-toxic to warm-blooded animals, but 

should not be allowed to contaminate ponds or streams, since it wiF , 
affect fish. Toxic properties of the derris dust begin to deteriorate afiv.' ' 
twelve months storage. 

Further investigational work on such aspects as duration of control, effect on 
worm capsules in the soil, and rate of application is being carried out. 

Reference 
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QUARTZOSE COAL MEASURES OF WEST NELSON AND 
NORTH WESTLAND 

By R. P. 8ii(iGATE, New Zealand Geological Survey, Deiaartmeiit of 
Scieititic and Industrial Research, Greyinouth 

Summary 

The tstrsitigruphif reliitiou between the quartzose eoal measui-es and 
the overlying basal marine beds of west Nelson and north Westland is 
reviewed. Only exeeptionally is there any evidence of other than a con- 
foj’niahle secliiueiitary contact between them. The lowest marine beds are 
shown to become progressively yonnger northwards, and it is suggested 
that the top of the quartzose cdsil measures hecomes younger in the same 
direction. This demands the abandonment of aige correlations suggested 
by previoUvS authors. The palaeogeogi-aphie implications are briefly dis¬ 
cussed. Older iTK-lcs, including older coal measures, were first reduced 
to a peneplain. In some districts quartzose coal measime deposition began 
in small terrestrial geosynclines, but before marine beds were laid down 
in each ))art of the region, the rising base level during marine transgres¬ 
sion caused deposition of similar terrestrial beds almost everywhere. 


Introduction 

At the base of the Tertiary sequence in west Nelson and north West- 
land, coal measures of which quartz is the dominant constituent, Test 
uueonformably on older rocks and are overlain by marine beds. The 
Brunner beds of the Greymouth coalfield are typical of these coal 
measures, and have been described by Morgan (1911) and more 
recently by Gage (1949b), From the general similarity of coal measures 
in the Westport, Reeftou, Miu’chison, Wangapeka, Heaphy, Takakaj 
and north Collingwood districts, correlation of these with the Brunner 
beds is teinptiiag, the stratigraphic position below basal marine beds 
being a further smiilarity. In this paper the term “quartzose coal 
measures^’ is used for all these eoal pleasures. Recent determinations 
of macro-fos.sils by Dr j. Marwick and miero-f^^ by Dr H. J. Finlay 
show that the.se basal marine beds differ in age, ranging from Borton- 
ian in the Greyinouth Coalfleld. to Dmitroonian in north Collingwood.* 


•The Tertiary stages used are those proposed by Finlay and Marwick (1947 } . 
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PiiEviors Correlations 

The following- eorrelatioiis have i)revioii.sl 5 ’ been adopted: 

Fox Bivey. Wellman (194(ia, p. 218) states: “There is no evidence 
against coiTelating . . , with Brunner beds the high-snlphnr quartzose 
coal measures near the coast, which . . . grade up into marine beds 
of Kaiatan age.’" 

Westport Coalfield. Morgan and Bartrum (1915, p. 73) state: 
“There is no difficulty in correlating the Brunner and Kaiata beds 
with the corresponding strata in the Grejmiouth district,” and note 
{p. 71) “They [the Kaiata beds] correspond in character with the 
Kaiata mudstone near Greymouth, and in age with the same strata 
plus the Island sandstone.” 

Reef ton Coalfield. Henderson (1917) placed the eoal measures at 
Reefton in the ■Miocene, but later (1929) the same author states: “the 
coal-measure[s] in the neighbourhood of Eeefton . . . undoubtedly 
also belong here” (i.e. with the Brunner beds of the Greymouth dis¬ 
trict). 

Murchison District. Pyfe (1928) describes the quartzose eoal 
measures of the .Murchison district under the heading of “Brunner 
beds,” although later (1930) he describes them as part of liis jMarnia 
Series, and gives no correlation. 

Henderson (1929) discusses correlations of Late Cretaceous and 
Tertiary rocks, and divides the eoal measures of west and central 
Xelson (and Greymouth) into two groups. Those at Pox River, West- 
port, Reefton and Maruia he correlates with the Brunner Ws of 
Greymouth. Tliose at Charleston, Buller Gorge, Westhaven, Motupipi, 
Tliree ChaJinel Plat, Fletcher Creek, Owen, and Wangapeka, he 
correlates ivith the Port Elizabeth beds (Whamgaroan) of Greymouth, 
Thus, although at all the localities he meutioiLS that tlie coal measures 
have the same .stratigraphic relation to overlying marine Tertiary 
beds, he recognized that they are not all of the same age. His correla¬ 
tions divide the coal measures e.s.seutially into bituminous and lower 
rank groups, and may well have been influenced by this factor, (ilage 
and Wellman (1945) showed that widely ditfering ranks of coal inay 
occur in coal mea.surps of the .same age in dift'erent places, and this 
conelusion is adopted in the pre.sent paper. 

It i.s clear that ilorgan and Bartrum in dealing with the Westport 
Coalfleld, and Henderson in his eorrelatioii over the Avhole region, have 
used the term “Brunner Beds” with ah age signifieance and not as 
a formation name. 

In a departihental report on the Heapliy Coalfield, Wellman (1948) 
eniTelates the coal moasiires of the Heaphy Coalfield with those whielv 
underlie the Tertiary marine bed.s at Takaka and Collingwood (ex¬ 
cluding the Pakawau l8eries of C’ollihgwood). He infers that there 
is no break between the coal measures and marine bedSj and using 
the a.'isumption that a relatively uniform rate of .sub.sidence controlled 
the rate of deposition, he considers the coal mea.sures to be Arnold 
ih age, Tln> age of the marine beds immediately overljdng the coal 
measures is given as Landoiiy without any stage determination. 

Finlay and Marwick (1948,: p: IT)" mention the Brunner coal 
nieasnre,s as possibly Cretaceous, and later {p. 30) it is stated that 
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“part or all of the coal-bearing Brunner group may be lower Eocene.” 
There are no further references to the age of the quartzose coal 
measures in north-west Nelson and north Westland and it appears 
likely that the term “Brunner group” is used to include all the 
quartzose coal measures in that region, thus assigning a similar age 
to them all. 

Description op Localities 

The following descriptions of the sequences are illustrative of 
the whole region, it being impracticable to describe every available 
section. 

Grcynwuth Coalfield. Over much of the Greyinouth Coalfield the 
Island Sandstone of Bortonian age follows the Brunner coal measures 
with apparent conformity. Near Blackball mine the lowest part of 
the Island Sandstone contains conglomerate bands, and on the Black¬ 
ball railway, rare small coal lenses are iuterbedded with the marine 
sandstone. Similarly a half-inch coal layer is recorded in the Island 
Sandstone in Bore 253 (Dobson), 200 feet above the top of the Brunner 
beds.* Gage, whose detailed work on the Greyinouth Coalfield will 
shortly be published as the New Zealand Geological Survey Bulletin 45, 
“The Greymouth Coalfield,” has recently summarized some aspects 
of this work (1949a, 1949b). He states (1949b, j). 343) : “the final 
re-sorting of the uppermost layers (of the Brunner beds) was done by 
waves and currents during the marine transgression that brought the 
coal-forming period to a close.” Prom this it appears that he considers 
tliat the period of Brunner coal formation continued up to the time 
wlien the sea invaded the area, and consequently that the deposition 
of the Brunner beds was followed immediately by tlie deposition of 
the Island Sandstone. 

Ill a paper, “ Paparoa-Brunner contact near Greymouth,” now iii 
the jiress, Wellman has de.seribed an erosion interval between Brunner 
coal measures and Island Sandstone, but has not attributed any con¬ 
siderable time significance to it. 

The thickness of Brunner coal measures in tlie Greymouth Coalfield 
rages from 50 to 400 feet. 

Fox River IlontJi. Near the mouth of Fox River, 28 miles north of 
(jlreymouth, about 100 feet of coal measures, consisting of quartz sand¬ 
stone and conglomerate with sub-bituminous coal, are followed with 
apparent eouforiiiity by well-bedded soft carbonaceous sandstone and 
this by hard calcareous sandstone with Kaiatan fosssils. In this area 
neat’ the coast “quartzose coal measures . . . grade up into mariue 
beds of Kaiatan age” (Wellman, 1946a, p. 218). In the .same page 
the author correlates these quartzose coal measures Avith Brunner beds 
in the Pox River headAvaters Aihieh “grade up into the marine-Island 
sandstone (Bortonian).” This implies eorrelation of the Brunner beds 
in these two areas, despite the fact that they are foUoAA’ed by Bortoniaii 
in Pox RiA’cr lieaclAvaters and Kaiatan at Pox River mouth. 



Moi-gan (lull, p. 58) records a workable cm 1 seain in theKaiata iuud- 
stone. During the mnaitpiijg of the Grcyiuoutit Coalfield by Gage, it 
Avas shown that a fault had obscured tlie correct sequence and that the 
cmi is withiu the Bruniier coal ineasures, ; ^ ^ 
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Reef ton Coalfield. The followinsr .sequence through the Kaiata— 
coahuieasiure contact was recently penetrated in Bore 103 in tli^ 
Reefton Coalfield;— 

Mudstone with gluucoiiitic baiid.s and scattered marine fossils 200+ 


Carbonaceous clay with traces of coal .. .. S 

Carbouaeeoiis sandstone, grits, and sandstone .. .. OS 

C'arlKjiiaceoiis shale .. -. .. .. .. 0 

JIudstone .. .. .. • • • ■ ■ • 10 

Sandstone .. .. •• • • 

Mudstone .. .. . - - • .. • • 1-5 

Carbonaceous nuulstoiic with marine fossils .. .. 10 

Shale and ti-aces of coal .. .. .. 


The mudstone at the top of the section elo.sely reseinble.s the Kaiata 
iiiudstone at Greymonth. and the fossils were given a Kaiatau age. 
The beds below this mudstone appear to be similar to the 400 ft ol; 
coal nieasiu’es peneti*ated below them, the lower mudstone with marine 
fossils being exceptional. The sequence suggests that for some time 
after the first ineouiing of the sea into the area the .supply of material 
was sufficient to build the .sediiuent.s above .sea level. The uon-mariiie 
nature of the lower part of the coal measures is .shown by the presence 
of fresh-water lamellibranehs 100 feet above the bottom of the coal 
measures. 

Similarly in Bore 101. drilled a few niontlis before Bore 103, marine 
fossils were recorded below sandstones and mudstones with coaly 
bands. 

Henderson (1917, footnote to p. 86) notes tliat shell-fragments 
occur below coal seams at Waitahii River, only a short distance from 
tlie recent bore. 

At Garvey Creek cimlfield, five miles south-east of Reefton, a 
section through the eoal-uiea.sure—marine-bed contact i.s e.xeeUently 
exposed on the road to the colliery. The transition from bedded coal 
measure .sandstone with coal seams to poorly fo.ssiliferous siltstone 
being .so gradual tiint it is iiiijjossible to decide exactly where the one 
ends and the other begins. 

The coal measui’es at Ih'etton are alnmt 401) J‘e<5t thick and at Garvey 
Creek coalfield about 800 feet. 

Weal port Coalfield. The following quotations from Morgan and 
Bartniiu (1915) present good evidence for gradation bt?tween coal 
measures and marine IkhIs in this area. In dealing with the Brunner 
beds they state (p. 77): “it should be noted that in places a coarse 
sandstone hot far above the coal niay possibly be marine.'’ In describ¬ 
ing the Kaiata l^ds, they state (p. 79) ; “ The hard gritty sandstone 
seen ill the lowest portions of St. Andrew and St. David streams may 
belong either to the lowest horiz<uiof the Kaiata beds or to the upper 
part of the Brunner beds.” Their conclusion is that “whilst the 
Brunner Jbeds were being laid down the land gradually .subsided, and 
at la.st marine conditions almost imperceptibly supervened” (p. 72). 

The coal measures in the Westport Coalfield range from 20 to 
5(X) feet in thieknes-s. 

Maruia. This area lies 14 miles .south-w'est of HurcMspn and 16 miles 
north-ea.st of Reefton. The following section from coal measures to 
riiariue beds is typical pi tho.se exposed ip small creeks draining to 
I'llaruia River about one and a-half miles south-west of the juiietioh 
of Greek and Maruia iiiver. 
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Feet 

ilassive Jivitty sandstone witli minor envVionaffoiis mmisioiie .. 200+ 

Coal .. .. -. . - • ■ • . .. 0.2 

Thick sandstone with tliin coal and coaly mudstones .. 100 

Carhoiiaceons nuidstont* with niavine fossil band near top .. 100 

Dirty coal .. .. •• ■• 1 

Quartz grit, sandstone and thin carbonaceous mudstone . . 20 


This section i.s noteworthy in that thin coal oceni'S in sandstones abot o 
the lowest marine fossils, and in that the composition of the rocks 
both in the coal measures and in the marine beds is essentially very 
similar. There is no evidence of an nnconforniity in the section. The 
ag'e given to the macro-fossils is Kaiatan. Thej thickne.ss of the coal 
measures ranges from 50 to 200 feet in this district, 

Owen Biver. The following section from coal measures to marine 
beds is expo.sed jiartly in a small creek and partly on ridges, nithin 
30 chains ea,st of the .innctimi «»f Frying Pan i’reek and tlie Left 
Branch of Owen Kiver. This area lies 15 miles noidli-east of ^Inrcliison. 

Feet 


Medium bhic-grcy jiiltslone with intcrlushlcd limestone hands (JO 
Glauconitic muddy line sandsisjuc with poor fossil fragments 25 
Yidlow-hrowti gritty sandstone with iiuartz pclilib!.s . . . . 10 

Gritty sandstone .. .. .... .. 20 

Blue-grey medium and line saudstouu .. .. ..150 

Fine saiulstone with interhedded carlKinatfiums mudstom^ and 

thin c(3al seams .. .. .. .. .. 10 

Pehlde conglomerate (rpiartz and greywaeke) . . 5 


There is no sign of unconformity in the section, and it is diflflenlt 
to be certain where the marine-bed—coal-measure contact lies. The 
coal measures in this area are about 200 feet thick. The age of the 
inndstoue at the top of the above section is 'VThaingaroaii, but in this 
area lower samples did not yield identifiable fatmae. Since, however, 
Runangan faunae were obtained from a poorly expo.sed section one 
mile and a half to the south-we.st. the lowest marine b<?ds are likely 
to he at least as old as this, 

A similar transition from coal measures to marine beds is exposed 
in numerous places along the Left Branch of Owen River from two 
to four and a half miles north-west of the .section described above. 
The river flows across marble and argillite, which unconformably 
underlie the coal measures, then from coal measures to marine beds 
several time.s, and in no instance is there any evidence of unconformity 
bet^yeen the coal measures and marine beds. Prom blue glaueoiutic 
Mihdstoiie immediatel.y overlying coal measures, a AVhaiiigaroaii iuicro- 
fanna was obtained, 

Kolimhai Bluff. The following section from the area near Koliaihai 
Bliifi:, on the coast 50 miles north-east of Westport, is reproduced 
from information kindly given by H. W, Welliuau, who has recently 
examined the Tertiary sequence over a great part of Westland and 
Nelson.: 

Feet 

Caleai*eons quartz sitnclatone grading (lo\vn fram glaucouitie 
quartz saiulstone and grit .. ... .. .. 30 

Quartz grit with poorly preserved fossils .. .. , , 5 

Quartz grit grading dowvto pyritie quartz sandstoue ., 45 

Cowl mea.snres—shale., quarts san(lstone, conglomerate and thin ' 
suh-lntnminous coal seams : •• • 150 



Tabwi 1. Lower TKttTiAnv Seqvences, West NuLsoif and JJoBTir Wertlanh 
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TJieri> is no sijrn of iineonforinity betAveen the luai-ine beds and 
tlie eoal measures, and the litliolojries snjr^est a transition. The age 
of the lowest marine beds is i>robably Wliaingaroan, Avhicli soon gives 
l>laee to Dnntroonian. 

^Yan^JUi)eh!. This district. 30 miles west of Nelson, has been geo¬ 
logically mapped by Hendei-son, Grange, and Maepherson. No bulletin 
has been published, but short aeeoiiiits of the geology are given in 
Annual Reports of the Geological Survey 1924-25. Henderson, Grange, 
and Hacplierson (1925. p. 5) state: ‘"The Tertiary rocks consist of 
arkositic grits and sandst<»nes, grading up into sandy limestones,” and 
make it clear that the lowest beds are eoal pleasures by stating later 
that “thin seams of coal are present in the basal Tertiaiw rocks of 
tlie middle part of the Baton Valley.” This area has recently been 
re-examined by AYellman, Avho. in a personal communication, states 
that there is no sign of a break betweu the eoal measures and the 
overlying marine beds, the age of which is probably 'Wliaingaroan. 
He also informs the Avriter that there is thin eoal aboA^e the loAvest 
marine fossils in Green Hills Creek, AA'bieh joins Sherry Rh'er 30 chains 
upstream from the junction of the SheiTy Rhor and the Wangajieka 
River. The thickness of the coal measures is here about 70 feet, bnt 
increases rapidly AAOstAA'ards. 

Tal'nlat. This district lies 35 miles north-AA-est of Nelson, and the 
Takaka Coalfield A\*itliin it has been described by AVellman {194(ib). 
In Iris description and cross-seetions there is no suggestion of an 
unconformity betAveen the eoal measures and the overljdng limestone, 
and he states (p, 192) that at Dry River “The limestone grades down 
into a 100 foot band of quartz sandstone, Avhieh overlies the first definite 
non-marine bed.” Within the coalfield the coal measures range from 
several Imndred to 1,600 feet in thickness. 

Seven miles north-east of Takaka only a feAv feet of coal measures, 
with a .seam of dirty eoal, intervene betAveen granite and the lime¬ 
stone; although the section is not aa’cII exposed, there is no reason 
to suspect an nneouformity. Again, fiA-e miles north-Avest of Takaka, 
at Rangihaeta Head, the dip of the eoal measures is similar to that 
of the overlying limestone, although the actual contact is not exposed. 
Here the coal mea.sures are at least 1,000 feet thick. The age of the 
limestone overlying the coal measures in the Takaka district is either 
Duntfoonian or AA’'aitakian. 

jP«po)q/«. The folloAving section is exposed at Abel Head, 12 miles 
north of CollingAvood township:— 


Feet 

Calcareous glauconitic saiulstoiie Aiith uianiic fossils .. lO-f- 

grading doAvn to 

Liinnuitic medium and gritty sandstone ,. .. .. 20 

Conglomerate in sparse liinonitic sandy matri-x .. .. 2: 

White qiiartz grit with mudstone, eoal lenses, and eonglomerate 

bands ... .. .. ,. .. .. lOO-f 


The conglomerate Avith linionitie matrix clearly is part of the same 
.sequence as the OA’erlyipg limoiiitie sandstone AA’liieli grades into true 
marine beds. This eonglomerate epn^ins pebbles similar to those in 
eonglomerate.s of the typical eoal measure.^ beloAA-, the well-marked 
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difference being probably due to the re-sorthig and removal of matrix 
consequent on marine transgression. Althongh current bedding makes 
it difficult to take exact dips on the coal measures, it is unlikely that 
tliere is any nneonformity between the two sets of beds. Transition 
from coal measures to marine beds is Avell seen near the moiitli of the 
Patiirau River, 18 miles to tlie south-west, again no uneonforinity 
being apparent. The age of the lowest marine fos.sils has been given 
as Duntroonian. Tlie thickness of tlie quartzose coal measures is 
probably several hundred feet. 

pRESE.vT Correlation 

Fr(»m the descriptions given above certain generalizations can be 
made. Only exceptionally (at one locality in tlie Clreymoutb ( Vialfiehr) 
ai’e the ipuirtzo.se coal mea.sure.s and the overlying marine bed.s other 
than conformable. Transition.s or gradations are frequently found, 
with the result that it is difficult to be certain wliere the coal measures 
end and the marine bed.s begin. Coal, even though present only in 
thin bands, is not uncommonly found in the beds immediately above 
the lowest marine fossils. 

In place of earlier correlations it is suggested that the top of tlie 
quartzose coal measures is immediately older than the lowest over- 
lying marine bed, the age relations being given in Table I. These coal 
measures are regarded as being remnants of a once-continnous forma¬ 
tion (except for monadnoek areas) transgressing time-stratigrapliie 
divisions. 

The alternative, that the quartzose coal measures are all of the same 
age and that there is evidence of a break representing .several Tertiary 
stages in some areas, is rejected. Had an interval existed, it must 
have been occupied in sub-aerial erosion and it Ls improbable that the 
coal measure-marine bed contact would show no signs of this suggested 
interval. An erosion break could be obscured by the re-\yorking of the 
upper part of the remaiuing coal measures by wave action, when 
the transgression of the .sea took place, but tliin coal above the lowest 
marine beds suggests an interflngeriiig of marine and terrestrial 
deposition. Furthermore, even a disconformable contact is unlikely 
if considerable times had elap-sed between the deposition of the coal 
measures and the marine beds, judging by the “oscillation, foldings 
and local elevations tliatoeetirred thronghoiit these epochs’’ (Finlay 
arid Marwick, 1948, p. 22). 

Studies recently begun oii leave.s and spores from New Zealand 
cpal measures should lead to valuable information on the age relations 
of the qiiartzo.se coal measures of different areas. 

Areas WHERE Quartzose Coal Measures are Absent 

In a few area.s of west Nelson and north Westland, thought to 
haw teen higher land standing above the general level of a pene¬ 
plain, lower Tertiary niariiie beds rest directly On the Palaeozoic rocks 
measures intervening. Two areas 
will be mentioned in detail together with their relation to neighbouring 
are^ where quartzose ebai iheasiir<^ are present v 
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Aorcre Valley, Colling wood. In the Aorere Valley, seven miles 
sontli-west of Collingwood township, white crystalline limestone rests 
on an irregular surf are of nn weathered schist, angular fragments of 
u'liieh are enibedded in the lowest part of the limestone. The crystalline 
limestone ]iasses up into sandy limestone, from which Waitakian 
fossils have been collected. This area lies between the Westhayen 
district, ten miles to the north-west and the Takaka district, ten miles 
to the south-east, in both of which ({uartzose coal measures and above 
them Duntroonian marine beds underlie AYaitakiau limestone. 

Ml Man fell, Murchison. Duntroonian marine beds rest on granite 
t(t the uortli-west and north-east of Mt Mantell, 12 miles south of 
.Murchison. Eastwards and .southwards there is no certain information 
as to the former presence or absence of qnartzose coal measures, as 
upper Tertiary beds rest on the old rocks. Four miles to the west, how- 
e\'er, in the Coffee Creek area, quartzo.se coal measures and marine 
Kaiatan to AVhaingaroan are followed by Duntroonian marine beds, 
it being noteworthy that these thin eastwards towards the Mt. Mantell 
area. 


RociKS ON’ WHICH Qt’abtzo.se Coal Measures Rest 

The qnartzose coal measures rest not only on Palaeozoic sedimen¬ 
tary and metamorphie rocks and granite intrusions, but also on 
Mesozoic terrestrial beds. 

In a recent paper, “Paparoa-Bronner contact near Greymouth,” 
now in the press, AA^ellman has shown that Paparoa beds (probably 
Cretaceous) have been deeply leached below unconformably-overlying 
(piartzose coal measures. In a second paper (in press), “Ohika 
Beds and the Post-Hokonui Orogeny, ” he describes similar leaching 
of Ohika beds (doubtfully Jurassic) and draws attention to other areas 
in which qnartzose coal measures rest uneoiiformably on Mesozoic 
sediments in west Nelson and north AYestland. These areas are: Reef- 
ton, where qnartzose coal measures rest on Hawks Crag Breccia (pro¬ 
bably lower Cretaceous) and possibly Paparoa beds; Pox River and 
Murchison, where they rest on Hawks Crag Brecciaand Collingwood, 
where they rest on the Pakawau coal measures. He notes that an 
erosion surface cuts across the Pakawau Series, which corresponds to 
the Paparoa beds of Greymouth, and that the qnartzose coal measures 
rest on this surface. This surface is that figured bv Cotton (1922, 
pp. 144, 145).* 


* It is clear from this evidence that peiieplanatiou took place later than 
the depositiou of some post-Palaeozoic bwl.s still preserved in the region. 
Under these circumstances the term ■“undermass" used by Cotton \ 1922) 
applies to all the pre-Teitiai’y rocks in north-west Xelsion and north 
Westland, not only to the Palaeozoic sedimentary and metamorphie 
rocks and the granite iutnisives, and that the terra “covering strata” 
cannot strictly he apjdied,to the Paparoa hods, Pakawau Series, Hawks 
Crag Breccia, ami Oliika Beds. The retention by Wellman, in “ Ohika 
Beds and the Post-Hokonui Orogeny” (in press), of the use of 
under mass”; and “ covering-strata” as stratigraphic terms differ¬ 
entiating between the Palaeozoics anti associated granite intrusives {ho 
lower AI.esoz<»ic rotihs liavc;l)eeu recognized in, west Nielson and north 
Westland ; tlie Triassics bf wist Nelson are the ueiirest, and prohably 
these were also overlain hy qnartzose coal measures) and all yovuiger 
rtH?ks, may, however, In'! eouvenient enoujgh t«, lt»d acceptaiice, 
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Elstnvliere the quartzose coal measures rest on Palaeozoic rocks 
aufl the major igneous intrusions into them, transgressing all boun¬ 
daries between the different formations. Furthermore, they transgress 
the junctions between these formation.s and those Mesozoic rocks 
mentioned above as being overlain by quartzose coal measures. A very 
frequent feature of the contact is the leaching of the old land surface 
below the coal measures, almost certainly attributable (Wellman, 
'Taparoa-Brunner contact near Greymouth,” in press) to a wide¬ 
spread period of erosion and peneplauatioii. 


Conditions of Deposition of Quartzosc Coal Measures 

Gage (1949b, p. J43). in discussing the conditions of formation of 
the Brunner coals of the Greymouth Coalfield, gives the folloiving 
account: “The highly specialised Brunner .sediments ivere re-sorted 
many times during a long period with a minimum of transportation 
or addition of fresh material . . . The supply of .sediment to the basin 
was insufficient to compensate even for the continued very slow sub¬ 
sidence, so that, aitbough most of the Greymouth coalfield was pro¬ 
bably a ,swainpy plain, the neiglibonihood of the axis of .submergence 
was for a long time tJie site of a perriianent body of water, in which 
aecnmulated the matter composing the thick and extensive Brunner 
Seam. The soil on land would inevitably have been deeply leached.” 

Morgan and Bartrum (1916, p. 72) consider that “there is strong 
evidence that at some period prior to the deposition of the bituminous 
coal measures the Bullef-Mokiliinui Subdivision was part of a great 
peneplain.” They suggest that “TJie Brunner beds were deposited 
on a moderately level surface by a stream or streams that drained 
an area where granite and allied rocks predominated over sedimeii- 
tarie.s. They are believed ... to be in great measure deltaic deposits 
formed in a shallow lake or lakes.” 

Henderson (1917, p. 86), in discussing the coal measures of the 
Reef ton district, states “that the.se beds were deposited on a gently 
undulating surface, which was probably a base-levcdled land-surface”, 
ami considers that the coal measures are largely beach deposits. 

It is thought by the pre.seiit writer that there were essentially two 
different sets of conditions giving rise to the quartzose coal measures 
at the base of tlie Tertiaiy sequence. The first is the accumulation 
of coal measures ill geo.synclinal areas such as the Greymouth, Buller, 
and Takaka coalfields. The .second is the aeeiimulation of coal measures 
as depo-sits on a peneplain as a result of a rise of base level iluring 
hiariiie transgression. This would re.sult in relatively thin coal 
measures. 

The Tertiary and, ns showu by Gage (194Ua), (.’retaceous periods 
wep marked in west Nelson and north Westland by the accinail¬ 
lation of sediments in smaU geosyiiclmes/iSiibsidence iii alT these did 
not commence at the same tinie, and where it began before the wide¬ 
spread general sinking on which it was superimposed, major lateral 
variations in coal measure thickness were caused. In those areas where 
the geosynclinal phase had not . already begun, a rising base level 
while the sea wa*^ transgressing caused deposition inland. This must 
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clearly also have affected those areas that had already been aceuninlat- 
iiig: sediments as a result of geo^yrieliiial siibsideuce; so that there 
will be no clear boniidary between the sediments due to the two 
different sets of conditions. The minor variations of thickness of the 
qiiartzose coal measures reflect the relief of the peneplain on which 
they were deposited, and 4n some areas monadnocks of old land stood 
up, not being' buried until after the sea had reached those areas. 
The sea is thought to have transgi'essed from the south over the pene¬ 
plain, which was backed in the north by an area providing abundant 
sediment. Thii-s there was enough hiaterial to build up sediments above 
sea level in areas that had been submerged beforehand, permitting 
the formation of coal alxjve the lowest marine beds. 

During the period when terrestrial sediments Avere accumnlating 
solely in geosjmeliiial areas, with the sea iymg far to the south, these 
areas mhy well have formed more or less isolated basins, with eon- 
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cUtions similar to those postulated by Oage for the Greyuiouth Coal¬ 
field. That there ^vas an area able to supply abundant sediment is 
shown by the great thicknesses acemnulated in Arnold times immedi- 
atelv following the deposition of the quartzose coal measures. It is 
reasonable to expect that when the .sea tramsgTessed, Avidespread 
eoA'erage by sediments, previously prevented under terrestrial con¬ 
ditions, Avouid become pos.sible. 

The age of the base of the coal measures in each district can be 
estimated only from consideration of their thickness in relation to 
the conditions* of siib.sideuce po.st.ulated for the district prior to marine 
transgression. This requires the application of aU stratigraphic data 
for the Avhole region and is oiit.side the scope of this paper. Thin coal 
measures, hoAvever, folloAved by thick marine beds for each loAver 
Tertiary stage, as in the Murchison district, are likely to represent 
less than one stage, Avhereas thick coal measures deposited in geo- 
synclinal areas foUoAved by relatively thin marine beds for each stage, 
a.s in the Takaka district, may Avell represent several stages. 

Quartzose coal measures underlie marine beds over much of Nev^ 
Zealand and the loAve.st marine beds are of widely different ages. In 
the middle IVaipara River in north Canterbury, for instance, tliey 
underlie Piripauan marine beds Avith no apparent break, and it is 
considered that here also the top of eoar measures Avill prove to be 
immediately older than the loAvest marine beds. 

The Otaihaiiga Quartzite near Paraparaumu receutlj’’ described 
by MaepheiASon (1948) as re.sting on “deeply v'eatliered basement” 
Avhieh “.seems to have been planed”, contains “.small lignitic shale 
fragments ... in the upper part”, and appears to be typical of the 
quartzose coal measures. It is overlain by ‘Whaingaroan Muaiipoko 
Greensand, Maepherson stating that “Angular discordance Avas not 
seen at the contact, but as the latter is nowhere well exposed, there 
may possibly be an iineonforniity betAA^een the. quartzite and the 
overlying greensand.” Suggested correlations are Avitli the “ehina- 
men’’ boulders and quartz grits of Central Otago, the grits and 
quartz conglomerates of the Brminer Beds, aiid the quartzose con¬ 
glomerates and grit of Parapara; Aorere Yalley, and Quartz Range 
(ColIingAA'ood-Takaka districts). This section in the .sonthern part 
of North Island appears to record the same sequence of ev'ents as in 
AvCst Nelson and north Westland. 

The transition from coal measures resting on Mesozoic rocks to 
niarmeAyhamgaroa Beds (Whaingaroan) in the Himtlv-KaAvhia Siib- 
dhision has been described by Henderson and Grange (1926), who 
state (p, 43) that “the coal seauis and associated beds occur beneath 
the prominent limestone beds of the Tertiary sequence, and are the 
tei-restrial, littoral, deltaic, and estuarine deposits of a sinking laud. 
They did not all acciimiilate under the same conditions or at precisely 
the same time, but are the record at each locality of the transition 
from sub-aerial to sub7aqiiri>us eoiiditions,” 

_ It is most likely that the eireniustancibs of iaeeumulation of all 
Ncav Zealand coal measures above peneplaned older rocks and beloAV 
a marine stii|nence are due to the same cyelc of eA'ents, pentplanation 
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preeedin!>’ marine traus^ression, and that tlie extension of tliis sugges¬ 
tion to the whole of New Zealand will provide the full history of these 
happenings. 

Forty years ago the conditions of deposition of coal measures 
in New Zealand were discussed by various authors in several papers. 
Two paper.s by Henderson (1910a and 1910b) discuss the coal measures 
and the Tertiary liistory of west Nelson. A i>aper by Marshall, i^^peight, 
and Cotton (1910) is concerned with the Cretaceous and Tertiary 
rocks of New Zealand. In all these papers the assnmption is made that 
all the coal measures belong to one formation at the base of a series 
of marginal deposits overlapping on to an old land. Although it has 
since been .shown that there are several coal measure formations with 
varying stratigraphic relations to marine beds, and that the deposition 
of younger rocks of New Zealand has largely been controlled by a 
series of small geo.synelines. the conception of coal inea.sures as basal 
terrestrial beds of a dominantly marine sequeuee is still tenable with 
respect to the quartzose coal measiu*e.s. 
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PRESERVATIVE TREATMENT OF RIMU AND MATAI SAPWOOD 
BY PRESSURE IMPREGNATION 


IJy K. M. Harrow, TMant Disi^asps Division, Dopartinentof Si-ioutifie 
and Industrial Tvesraivli. Auekland 
{Ift i i irt tl fur inihiiciilwiK lil June 


Summary 

Tlie rosiilts (if pressure treatiiienls «f rimii ami luutai ssijjwdotl w'ith 
atpiiMius sdliitidiis are aiveH. 

Gi’dss aljsfirptioiJ jH*reeiita,i(es obtained with the same eomliinatioiis of 
initial air and solution pressures were found to he similar for both sjteeies. 

Alisorption of cold solutions, particularly into rimu. was very slow, 
but absorption rate iucreased raj»idly with increase in solution teiniiera- 
hire. 

Hijjh negative eiuTelation coefficients were found between net ahsoi'ii- 
tion and timber density. 

Xet absorption decreased with rise in initial air pressure. Imt 
iiK’reased with rise in temi'crature. 


iNTRODUfTIOX 

An i n vest ion t ion of preservative treatment of sap riinn (Darrydiuui 
eupye.'iahitm .Sol.) and sap iiiatai (Podocarpuft spimtus R. Br.) by 
pressure impi'egiiatioii with aqneou.s .soJntion.s has been made. The 
equipment and methods used were described previousl3- (Harrow 
lh47a. 1947b, 194S). 

Ill both .species, heart wood is re.sistant to solution penetration. As 
it is not jio.ssible to estimate the weight and volume of anj^ included 
iinpervious heattwood, the absorption of sapwood portions of scant¬ 
lings containing heartwood cannot be measured accurately; hence, it 
was necessary to .select scantlings free of heartwood. With matai, this 
M’as difficult and some scantlings used in treatments did contain a 
little heartwood. 


Experimental. 

Girm Absorijtion 

Pollowing three dilfereiit initial air pre-ssures, the gross absorption; 
percentages produced by different .solution pressures were determined 
by the method of Harrow (i947b). Results given in Table I show 
good agreement between species and with the gross absorption per¬ 
centages reported for Pinus radiafa (Harrow 194S). limvever, imlike 
pine, wliere a gross absorption of 75 to SO per cent. re,snited in complete 
penetration, .scantlings of rimu and luatai ffequenth* had an impene¬ 
trated core, even when gross absorption exceeded 90 per cent. One 
scantling of rimu 2in x 2in suboeeted to an initial vacuum of 20m Hg, 
followed by .solution pressure iiiereasing, in increments up to 400 
pounds per square inch for a total period of 52 lioiifs was found on 
examination to liave a distinet untreated core although) the gross 
absorption was 90 per cent, , ‘ 



TABtJiJ I, GHOSS ABSOHPTION Pf’KffKNTAUEB PROntldKn IN ElMtl AN1> MatAI »Y DlFiMUiNT OOilBINATIOXS «)!-' I NTTIAI. x\IU ANI> .SoI.UTION i’KESSUlUi 

(Means of tlireu runs) 
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Speed of Absorption 

The rate at \Yliic]i absorption oec-urred with different [tressiires was 
iiieasnred di.uiii<i‘ treatments in the investigation of net absorption. 

In Table 11 is shown the tiine.s in iiihmtes required to seenre 
t>5 per rent, of tlie total absorption into 2in x 2in scantlings ot niatai 
and of riiiiii snl>jeeted to a pressure treatment of 0 to *200 pounds per 
Sfinare inch at different temperatures. 

Although abstirption rate was most variable, results indicate that 
in generai inatai absorbs solution more rapidly tliau does rinui. 
Absorption rate of both species increased rapidly with rise in 
temperature. 

These data show the imi»ortanee of maintaining treating ])ressures 
until absorption into a eliarge ceases, in order to ensure tliat all timher 
in the ehargo is fully penetrated. 

Net Ahsorption 

Forty-tlifec scantlings of rimu and 'Ni of matai 2iii .v 2iii at least 
8 feet long wm* impregnated individually with 2 per cent, borie acid 
solution by ai>]>lication of different conibinatiuiis of initial air and 
suliitioii pressures, and different temperatures. A furtlier series of 
matai scantlings was treated with 2 per cent, tanalith solution. The 
gross ahsorption of each .scantling was measured. After treatment, 
scantlings were held in a closed tank over water and weiglied daily 
until constant weight indicated that kickback wa.s coiiii;»ieted, TJiis 
required tip to three days. 

For eaeli scantling the increase in weight abo\’e pre-treatment 
weight was recorded as net absorption, and was expressed both as 
a percentage of calculated oven-dry weight of scantlings and as pounds 
of solution per cubic foot of wood. Kickback (gross absorption—^net 
absorption) was expressed as a ratio of gross absoiqdion. The density 
(oven-dry weight, wet volume) of each scantling was cahuilated, oven- 
dry Aveight of a scantling being determined from the percentage 
moi.stui*c of two samples. The mean density of riinn Ai'as 0-44 ±: 0-07 
and of matai 0-50 ± 0-09. 

■When air dry, treated .scantlings were sampled for chemical analysis 
both ill eros.s seotion for analytical loading and in 1 lOth cores for 
core,loading, as described (Harrow 1948) for P. radmUi. The di.striki- 
tioii ratio, avhs calculated for each scantling. The results 

of treatnieiitss are shown in Tables III. IV and V. 

Discussion ' 

Data presented in Table III show that for rimu, net absorption 
and analytical timdiug Avere significantly reduced by increasing the 
initial air pressure to 20 pounds per square inch: ConA^ersely, kickback 
ratio Avas siguificautly increased Avitli rise in initial air pressure. Rise in 
temperature significantly increased net absorption. As indicated in the 
table, milch of the* variation in net absorption AV'itbin treatments Avas 
caused by ckumity <litterenees. Statistical analysis of the results shoAved 
significant cwrelation coeflBcients of —-0 88 between dehsitA* and net 




Mettu density 
Mean kickback ratio 
; Mean Analytical loadin' 
oven-dry woofl w/w 
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absorption percentage, and —0-6o between density’ and net absorption 
expressed in pounds of solution per cubic foot of wood. Tlxns, the 
adjusted means provide a better measure of the effect of different 
pressures and temperatures on net absorption. The distribution ratio 
was variable within treatments, none being significantly different from 
another. 

Results in Table IV show that with similar treatment net absorp¬ 
tion by niatai Avas lower than by rimu. This was probably due to the 
higher density of inatai as the kickback ratios of both timbers tended 
to be similar. Correlation coefficients of —0-77 were calculated between 
density and net absorption percentage, and —0.57 betwen density and 
pounds per cubic foot. 

Data in Table V were based on sodium arsenate analyses of niatai 
treated ivith two per cent, tanalith .solution. The pressure combina¬ 
tions used in this series gave gross absorptions of 80 per cent. The 
dift‘erence.s in loading between initial vacuum and no vacnnm treat¬ 
ments re.siilted from different kickback ratios. It will be noticed in 
botli Tables TV and V tliat the cUstribntion ratio.s in inatai were low, 
tlius indicating the presence of impenetrated cores in the wood. 
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TRANSMISSION OF HEAT THROUGH WALLS, CEILINGS, AND 
FLOORS 


By L. BASTrx<}s inul B, F. Benseaiax, Doniiiiioii Physical Laboratory, 
Dcjiartnu'iit of Scientific and Industrial Research, Lower Hntt 

iltn-firH for ttuhlk-alioit, *0 (U toher lll’fil) 


Summary 

IxTRonrcTiox 

A PRELIMINARY accouiit of soiiie measurements carried out by the 
Dominion Physical Laboratory on the transmission of heat throufrli, 
wail, ceilinji'. and fioor sections in New Zealand houses was pnblislied 
in this Journal some years ago.* Since that time, a considerable 
extension of this work has been undertaken and a iiuinber of improve¬ 
ments in techni<|ne and in the scope of these measurements have been 
introduced. The present contribution describes the apparatus at 
present employed, and records the results of tlie measurenumts 
obtained. 

The rate of heat transmission through tin* surfaces bounding a room 
is usuall.v estimated in terms of a coefficient known as the thermal 
transmittance (T). Tliis coefficient represents the number of British 
Thermal Units (B.Th.U.) transmitted per hour through one square 
foot of surface area per degree differenee of temperature, Fahrenheit, 
between the air on the inside and the air on the outside of the wall, 
eeiliiig or floor. 

Two aiiproaclies to the measurement of the thermal transmittance 
of typical wall sections suggest themselves. The one consists in niakiilg 
measurements on walls in houses already erected; the other in building 
up, in the laboratory, wall sections similar to those to be found in 
dwellings. The latter method allows of more rigid control of the 
conditions under which the test is conducted. The field method, on 
file other hand, is dependent on varying external climatic factors, 
a circumstance whieh leads to a liinch greater spread in the results 
obtained. 

The laboratory method has been used extensively abroad, notably 
by Rowley and his colleagues at Minnesota- and by Babbitt in Canada." 
The field method, as de.seribed in the previous contribution,* was 
developed ab initio in the Dominion Physical Laboratory, aiul was 
believed at that time to be unique. Subsequently it was discovered that 
field measurements of a similar nature were conducted in Nonvay 
as early as 1922, in small lints specially built for the purpose, in 
an open field."* 

Both methods liave been used extensively in this Laboratory during 
the last three years, 

Expebimi^^tae Methods 
The Laboratory Method 

The laboratory method was applied in a small room, across the 
centre of which was erected a partition, eoutaining a vertical opening 
four feet square, to take the wall section under investigation. 'When 
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a seetiou had been introduced into this opeiiinjr. the tu'o portions of 
the room were completely sealed oft* from each other and from the 
exterior. Tlie room was lieaYily insulated with several layers of soft 
fibreboard. One side of the partition was kept cold by means of 
retrifi-erator coils, while the other side was heated electrically. On 
eaell side the air wa.s lifrhtly but thorouirhly stirred by fans, while 
temperature conditions were maintained as constant as was practicable 
by thermostatic control. The rate of heat extraction by the refrigerator 
Avas ad,iust<Hl by the aid of a back-pre.ssure valve in the low pressure 
line until the lieat extracted from the cold room was a little in excess 
of that entering. The ditferencc was tlieii made up, a.s required, by 
a subsidiary electrical heating .system controlled by the thermostat. 
In this way, a .steady temperature could usually be maintained to 
witiiin a variation of 1° F. 

On the heated side of the specimen wall, an open-sided cabinet, 
provided with heaters and fan, rvas brought up tightly against the 
Avail, to define an area of the u-all, 24in by 24in, on Avhieli the heat 
traasfer measurement Ava.s actually made. The five sides of this cabinet 
Avere heavily insulated and, at the same time, the air temperature 
inside it and in the heated room .surrounding it was maintained as 
neai-ly as possible comstant and at the .same leA'el. This Avas achieved 
by mt'ans of thermo.stats of the expanding-bell oavs type, operating 
through micro-switches to relays in the two heater circuits. By this 
means it Inus proA'ed pos,sible to maintain teinperatiires in both spaces 
constant to Avithih about F oA^er long periods. Heat ]o.sses from 
the cabinet to the surrounding heated room Avere thus reduced to 
a negligible amount, and practically all the heat generated in the 
cabinet pa.s.sed out through the AA’all section defined by the perimeter 
in contact Avith the open side of the cabinet. Since the heated cabinet 
eoA'ered only the centre portion of the specimen AA'all, the remainder 
of Avliieii Ava.s Avarmed from the heated room around the cabinet, the 
lines of floAv through this central area could be taken sub.stantially a.s 
perpendicular to its .surface. If, then. AA-heu a steady state had been 
reached, iiiea.siirements Ai^u’e made on the amoniit of heat supiilied to 
the cabinet, and also of the temperature difference e,stablished betAveen 
the air in the cabinet and the air on the cold side of the test AA'all, all 
tlie faetor.s Avere available for a determination of the eoeffleient of 
thermal traiLsmittance through the test wall. 

In order to maintaiii the heating current to the cabinet .steady OA'er 
Tong periods of ti energy was supplied by an aecmnulator 

battery, kept continuously charged by the aid of a" selenium rectifier 
unit. Further, AA'ith a A’iew to eliminating fluctuation.s of current 
immediately after sAvitchhig on, the current from tlie battery Avas not 
sAvitched off wlien the thermostat operated, but Avas diverted instead 
to an eqiuA’iilent parallel circuit, external to the cabinet enclosure. 

With all tliese precautions, no great difficulty Avas experienced in 
maintaining a .steady teiiiperature difference, across the wall section, 

: of about 60°F, to a eon.staney of the order of 4®P or better, and so 
to estimate the mean temperature difference to" better than one per 
cent. Therinocoiiples and a multicircuit galyanoiiieter recorder Iuia'c 
been employed tbroiighout these investigations to measure this 
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teuippratnre differoiiee. as well as to estimate any lack ot* agreement 
between the cabinet and the heated room surrounding it. 

The overall aecnraey of the determinations was limited by the 
accuracy attainable in estimating the mean heat input into the heated 
cabinet. Part of this heat was contributed (in some of the experiments) 
by a continuous supply of current, part by an interrupted supply 
controlled by thermostjit, and part by the action of tlie fan in stirring 
the air. This latter part was determined by the following subsidiary 
test. The fan was driAen through a flexible .shaft and reduction gearing 
by a D.C. motor, all external to the cabinet. Voltage and amperage 
measurements Avere made on the fan motor. Avitli the fan running at 
a unmber of represejitative speeds. The fan blade.s Avere then detached, 
and these measurements repeated, Avith motor and drive-shaft running 
at a similar range of speeds. Tavo curves Avere then drawn and, from 
differences in ordinates of the.se, a .speed-poAA*er curve AA’as constructed, 
giving the net jiGwer eoiusumption due to the fan only, AA’hen nmning 
at various speeds. From this euiwe, values were read off for use in 
the main series of experiments. 

The estimation of the intermittent heating load Ava.s carried out 
by means (jf eurrent and resi.stanee nieasiirement.s, in conjunction Avith 
some method of assessing the proportion of the total time during which 
the current Avas supplied to the cabinet. Tn the earlier Avork, a recoi'd 
Avas obtained of this fractional time by means of an ‘‘on-off” recorder 
controlled through a relay by the cabinet thermostat. The recorder 
chart had a speed of five inches per hour, and with interruptions every 
tAvo or three minutes, it AA’as found difficult to estimate tlie “on” time 
to a greater accuracy than about Aa'c per cent. Latterly, a somcAvliat 
novel and much more satisfactory method Avas evolved. 

Bevording of Data Phoiograpkivally 

The foremost iniproA'cment that has been made in the experimental 
accuracy of the work resulted from the introduction of photographic 
recording of the varying qiiantitie.s iinmh'ed. A camera employing 
]() mm film and having a Avide-angle lens of short focal length was 
n.sed in the finst place to photograph the ammeter in the heating circuit 
of the cabinet at (approximately) six-minute intervals. Its use Ava.s 
next extended to the photographing of the face of a clock provided 
Avith a large seconds hand. This exposure AA-a.s actuated by means of 
a .systeni of relays, each time the heating eirenit Avas sAA'itehed either 
on or off by the cabinet thermostat.* The sAvitching iiiechaiiLsm also 
actuated a relay controlling a pair of floodlights so that the panel on 
AA'hieh tlie meter and clock Avere mounted AA^as .strongly illuminated for 
a brief period commencing a fraction of a second before its exposure 
to the camera film. After each exposure the film moved on auto- 
matieally to the next frames On development it exhibited a series of 
frame.s, taken at z’egular interA’als, recording the magnitude of the 
heating current, interspersed with another series, at more irregnlar 
interA'als, giving the times (to the nearest second) at Aihieh the heating 
current W'as SAvitehed on by off. A filiii strip projector subsequently 


* For tletallfi of this switching eirenit, see appeiulix. 
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amJ three temperatiire indicator dials 


nminietei'. 


experimental arrangements as Used in the Md. 
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(MilavjiFcl tlie fraiiiF to an appropriate size for readiii}*', and from the 
leadiiiiis an estimate was made of the mean eurrent and tlie mean 
Iraetional time during which this current was operatiim'. Later, a 
further set of three dials was added to the panel, to give indications, 
by means of resistance thermometers, of the air temperature on the 
two sides of the experimental wall. 

A sampie frame from the film, as finally arranged, is illustrated 
in Fig. 1. Table 1 sets out a typical set of readings from a series of 
frames, together with the method ado])ted for determining a value 
for the thermal transmittance of the specimen. In Fig, 1 will be seen, 
leading from right to left in the bottom row, the clock (20h 35m 14s) 
and the ammeter (432 nixV); and in the top row, the temperature of 
the cabinet air (78 2-8 = BO-S'^F), of the air on the cold side 

(50 4- 4-4 = 54-4°F), and of the air in the room surrounding the 
cabinet (22 5-1 =: 27'1'-C = SO-8'’'F). 


Table T. 

Wall section Xo. 33. 

Date ,3-4-49. 



Ammeter. ( 

Clock Time. 

Temp.s. 1 

Piff. 


Frame 







Ratio. 







No. 

State. 

Reading. 

H. M. S. 

Cab. 

Cold. 

Secs. 


1 

on 


03 59 38 





2 

(on) 

0-441 

04 00 27% 

92-4 

35-1 



3 

off 


02 39 



181 


4 

on 


03 .50 



71 

0-71g 

5 

(on) 

0-438 

06 28t 

92-5 

35-1 



6 

ofli 


06 56 



186 


7 

on 


08 08 



72 

0-72i 

8 i 

! ■ off 


11 13 



185 


9 i 

on 


! 12 26 



73 

0-71- 

10 

(on) 

1 0-440 

12 29i 

92-4 

3.5-0 



11 

off 


15 32 



186 


12 

on 


16 44 



72 

0-72, 

13 

(on) 

0-435 

IS 30+ 

92-4 

35-1 



14 

off 


19 46 



182 


1,3 

on 


20 57 



71 

0.71., 

1« 

off 


24 01 



184 


17 

(off) 


24 31 + 

92-3 

35-2 



18 

on 


25 12 



71 

0-72^ 

19 

off 


28 17 



185 


20 

on 


29 29 



72 

0-72^, 

21 

(on) 

0-438 

30 32+ 

92-4 

35-1 




j Means: 0*43s 


92-4 

35-1 


0-72o 


Kesistaiiee of licater fon this c-tinvut = 4.03 ohms 

.Aivii of oontacl; 4)f (-iibinet with sjiwiinen = 2.00 ft X 2.<m ft = 4,25 sq.ft. 

0.433 l»y nifter = 2.41 trim um}is. 

Mean teiiip. dilf. = 57.3“K 

Mean heating rnto = 2.41 X 2,41 X 4.93 X .720 

' '. — 20,0 watts “ 70.3 B.Th.U, per honr. 

Fan inpiK per hour = 4.4 B.TkU, 

'rhennal tnvnsmittuuee {U) — = O.SOj B.Th,U./.sq.ft/hi7‘’F. 

4.2a.X-q7-3.-■, 


$ Regular (appro-\% ..slx-tuinute) sequence, : 
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Fig. 3.—PortaWe wmtrol panel tuicl photograifliie unit: view nf interior. 


The FieM Method 

The method of coiiductiiig thermal traiisinittanee measurements in 
aetual honses already de.seribed in the earlier report^ has not been 
substantially altered. Tlie heated eabiiiet is larger than the one used 
in the Laboratorj% and was designed to .span a representative section 
of a frame constrnetion wall. A tj'pieal arrangement of the apparatus 
is shown in Pig. 2 tyliere the heated cabinet may be seen wedged against 
an exterior wall. Control circuits and photographic arrangements 
similar to those above described for laboratory use Avere incorporated 
in a portable cabhiet which may be .seen to the right of the heated 
cabinet in the figure. The temperature^reeording galvanometer and 
the on-off recorder, as used in the earlier .stages of the investigation, 
are shown also, on the extreme light. An inside view of the control 
panel and , photographic unit, as used in the ,field, appears in Fig. 3. 

Since the whole room i.s used in the field measurements a.s the 
heated surround to guard the heated cabinet, fans and heaters are , 
e^ntial adjiinete to the room effuipment. They are shown in the 
fereground nf Pig. 2, The interior of the cabinet was heated by means 
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of. a grid of resistaiiee wire earryinir tlie current and spread immedi¬ 
ately in front of a slowly rotating fan Avith eight-inch blades. This 
faii Avas connected by a flexible drive to a motor and reduction gear 
Avhich may be seen in the left front of Fig. 2. 

The most important dift'erence between the metliods in the field 
and in the laboratory result from dependence ijii the former case on 
favourable out.side Aveather conditions. It is nece.s.sary that Ioav outside 
temperatures should remain steady for some hours (the length of 
time depending on the heat capacity of the structure under investiga¬ 
tion) in order that stable transmission conditions should supervene. 
A search tor these stable periods Avas aided by the retaining of the 
galvanometer recorder and the oii-oif recorder shoAvn hi Fig. 2, even 
after their major usefnlne.ss had been .superseded by the film recording 
method. 


Resitlts 

Tlie results of all the measurements AA’hich haA’e been made, both in 
the laboratory and in the field, are set out in Table II. Here will be 
found an abbreviated description of the constructional details of each 
Avail investigated, the de.seription eoinmenciug froiii the outside of the 
Avail and proceeding imvards. The A'ariotrs Avails ha\’e been grouped 
roughly, for convenience, under brick, concrete, and frame construc- 
tioii. A certain amount of OA’erlapping within this classification is 
inevitable. 

Ill Table III Avill be lound a similar assembly of A’alues, represent¬ 
ing all data available from over.sea.s on types of eon.struction resemb¬ 
ling those iiiA-estigated in Neiv Zealand. Considerable variations Avill 
be ifound to occur, in some instances, between results for a xiarticular 
kind of Avail as measured by different observers or at different times. 
Thi.s is 23robably due, in large measure, to differences in the conditions 
of test, notably in regard to the moisture content of the wall (esiiecially 
in the case of brick), and to the extent of exposure of the Avail to the 
Aveather, in field tests. 

Discussion 

Brick 

A study of the results in Table II in eon junction Avith those in 
Table III indicates that brick walls in Noav Zealand have somewhat 
higher tramsmittanee values than are shoAvn by similar Avails overseas. 
A direct coiniiarisoii betAA'een identical constructions is hot pos.sible, 
but indirect comparisons may be inferred as folIOAA's: 

U-inch Solid Wall 

For New Zealand 4| in single, ordinary brick Avail (dry), the 
Amlue is 0-77; Avhile the English Fletton brick is quoted at 0^59. 
A compari.son betAveen the Aiilues for English double Fletton Avails 
and double London Stock walls [Nos, 44 (il) and 45 (i) ] under similar 
conditioas suggests that a single leaf London Stock ,brick wall would 
have a tramsmittance ip the neighbourhood of b>56. Interpolation 
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Tablk 1.1. Experimental Results 


Wall , 
No i 

i 

Wall Type. 

Nominal 

thickness. 

(in.) 

Constructional Details. 

Tl.cn.iLl 

Trans¬ 

mittance. 

Foot¬ 

notes. 

A. 

1 

iRicK AND Erick 
a] Laboratory Tes 
Erick 

Veneer Co 
t.s (1948-49 
4» 

NSTRUCTIONS. 

Single, red brick (11 damp 
(2) dry 

0-84 

()-7S 

(a) 


Cavity Brick 

11 

4iin. brick; 2in. sealed cavity; 
4^in. brick. 

(1) outer leaf dry, inner leaf 
damp. 

(2) outer leaf dry, inner leaf 
dry. 

0-46 

1 

0-43 


a 

4 

6 

Brick Veneer * 

11 

44in. brick; 2in. sealed cavit\'; 

*4in. x2in. studs, lined %vith: 
|in. .softboard. 
fin. plasterboard. 

|in. hardboard. 

Building paper and Jin, hard¬ 
board. 

0-30 

0-39 

0-41 

0-32 



b) Field Tests (19 
Cavity Brick 

16-481 

11 

4Jin. brick; 2in. cavity; 4Jin. 
brick, plastered internally. 

(1) cavity unventilated. 

(2) ca\'itv ventilated. 

0-42 

0-48 


M 

9 

10 

11 

12 

^ 13 

Brick Veneer 

! 

11 

4J in. brick ; 2 in. cavity ; 
*4 in. X 2 in. studs, lined 
Avith : 

Jin. hardboard 

(i) cavity ventilated. 

(ii) cavity un ventilated. 

•giii. p. and p. board, cavity 

ventilated. 

(i) structure damp. 

(ii) structure dry'. 

Jin. fibrous plaster board, 
cavity^ ventilated. 

I.ath and plaster (Jin.) carity 
ventilated. 

<i) structure damp. 

(ii) structure dry. 

As 8(i}, but with Jin, hard¬ 
board external to studs, 
giving an extra, unventila¬ 
ted cavity. 

•As 8(j), but until Jin. wood 
straps and Jin. hardboard 
lining extra. 

0-60 

0*53 

0-61 

0-54 

0'50 

0'60 

0'54 

0-44 

0-36 

(b) 

14 

Brick Veneer 
and Pumice 
concrete 

IT 

4Jm. brick; 2in. un ventilated 
'"catdty'; 4in. pumice concrete 
' plastered internally. , 

0-32 


■ ■■■ B/ 

15 

Co.k CRETE AND C 
“No-fines” 
dense concrete 

ONCRETE V] 

1 7 

EKEER CONSTRUCTION-S. 

6in. dense aggregate, both 
faces plaster^. 

0-54 


16 

“ No-fines " , 
pumice concrete 

9 

Sin. pumice shingle aggregate , 
both faces plastered. 

0-28 


■■■■ T7- 

Concrete cavity 
block 

8 

2in. concrete block; 3J in. 
ventilated cavity, 2in. Con¬ 
crete block, until 2Jin. ribs 
at 9in . centres on alternate 
leaves; both faces plastered. 

, 0-56 


.18 

Cellular con¬ 
crete sandvicli 

■■■■ ■■:'9 •• 

2in. cellular; Sin. dense; 2in. 
celluiar (no cayitj') both: 
,fac«s plastered. 

0-33. 



Pumice concrete 
■.inner.leaf.. .... 


See No.. 14 above, : 

0-32 



C^^rBte:.ye»je^ 

10 

4in, dense concrete; 2in. ven¬ 
tilated cavity; 4in. x 2m, 

. . studs, p. and p. board. 

0-65 

(b) 


€&ntmued on page $6. 






iHoO) Bastinos & Bexsemax—Tkaxsmis-hiox of Heat (4)29 


Table III. Overseas Values for Thermal Transmittance of Walls 


Wall 1 
No. 

Wall 

Type. 

Nominal 

thick¬ 

ness. 

(in.) 

Constructional Details. 

T hermall 
Trans- j 
mit- ! 
tance. 

Refer¬ 

ences. 

Foot¬ 
notes 
(see 
n. 11) 

A. 1 

43 

Brick a-» 
1 Great 
Brick 

■;d Brick 
B ritain (1 

Veneer Constructions. 

928-48) 

Single 4-Jin. Fletton brick. 

0-,59 

5 

(a) 

44 

Brick 

9 

Double Fletton brick (il 

(ii) 

6iii 

(iv) 

0-45 

0-40 

0-44 

0-46 

5 & 1 

1 

5 

5 

(b) 

(c) 

(dl 

(ei 

4S 

Brick 

9 

Doulile London stock brick (i) 

(ii> 

0-38 

0-.58 

6 

6 

(f) 

tg' 

46 

Brick 

9 

Double Fletton, rendered external¬ 
ly (i) 
fii) 

0*42 

0-44 

5 

5 

ill) 

(e) 

47 

Brick 

9 

Double Fletton. plastered 

0*43 

8 

(k) 

4vS 

Brick 

9 

Double brick, roughca.st outside, 
lath and plaster with lin. air 
space internally. 

0-28 

10 

(!) 

49 

Cavity 

Brick 

11 

Double 4|in. Fletton brick, with 
2in. cav'ity, unventilated (il 
(li) 

(iii) 

0-34 

0*35 

0-32 

5.V7 

7 

5 

(m) 

(nl 

(o) 

50 

Cavity 

Brick 

11 

As 49 (i) with no ventilation 

(ii) with natural ventilation 

(iii) with forced ventilation 

0-32 

0-35 

0-42 

5 

(P) 

51 

Cavity 

Brick 

11 

As 49 (il with no ventilation 

(ii) with natural ventilation 

(iii) with forced ventilation 

O'32 
0-36 
0-46 

5 

iq) 

52 

1 

Cavity 

Brick 

11 

1 

■j 

Double 4^in. Fletton brick, plas¬ 
tered (i) with no ventilation 
(ii) with ventilation 

0-30 

0-34 

i , ■ 8 ' 


■ 53 

Cavity 

Brick 

11 

Double 4|in. London stock brick, 
2in. cavity. 

0-33 

6 i 

(r.) 


II Unite 
Brick 

d States ( 

1937) 

Single common yellow clay brick. 

0-499 

2 


55 

Brick 

8 

Double common yellow clay brick. 

0-355 

2 i 


56 

Brick 

8 

One leaf y^ellow common clay brick 
one leaf face brick. 

0-406 ' 

2 


57 

Carity 

9 

Two leaves as in (54); l^in, cavity 

0-274 

2 

■■ 4' . 

(s) 

58 

Ill Nonv 
Brick 

av (19221 
14 

Double brick, with mortar exter¬ 
nally. 

0-309 

59 

Cavity 

Brick 

m 

9in, brick; 2in. cawty; 44iri. brick, 
plastered extemaliy. 

0-250 

■ ' 4' . 


' 'B. ;■ 

60 

CONCRE 
1 Great 
Solid 
Con¬ 
crete 

TE ANtJ < 

Britain. 

9 

Concrete Veneer Constructions 

1 : 2 : 4 mix, cement, sand, Port¬ 
land stone aggregate 

0-37 

6 

(t) ■ 

61 


9 

As 60, York stone aggregate. 

0-43 

6 

J!L._ 

62 

H Unitt 
Solid 
Con- 
1. Crete 

;d States 
4 

Dense concrete . , 

0-632 

63 


6 

Dense ctmcrete, : 

0 - 585 

■ 2' 


64 

1 Cavity 
i con-, 

I; .Crete. ' 

m 

4in. Dense concrete; 2|in. cavity; 
4in. dense cpncreite. , " . / 

0-359 

■■■ 



VmttiHueil m pase 4i. 
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Table II (Continued). Experimental Results 


^VaIl ! Outer Covering. 

No. ! 

Inner Lining. 

Thermal 

Trans¬ 

mittance. 

Foot¬ 

notes. 

c. 

21 

Frame Constructions 
( a ) l.aboratory Tcsts (1 9 
Tin. cement board 

All on 4in. x 2in. Studding) 

49) 

lin. softboard 

0-34 


22 

^in. cement board 

lin, softboard, backed by alumin¬ 
ium foil 

0*28 


23 

-j'iiin. asbestos cement 
board 

Wood shavings ftUmg cavity Jin. 
hardboard 

0-15 


24 

„ 

2in. rockwool bats in ca\-ity, Jin. 
hardboard 

0-15 


25 


4in. loose rockwool (91b./c. ft.) 
filling ca^•ity. Jin. hardboard 

0-13 


2H 


Jin. softboard, §in. p. and p. board 

0-30 

(b) 

27 


Jin. softboard 

0-35 


28 


Jin. hardboard 

0-57 


29 

^|in. asbestos sidings, 
2in. overlap 

Jin. softboard 

0-38 


30 

Jin. weatherboard 

lin. rough lining, scrim and paper 

0-33 


31 


fin. p. and p. board 

0-47 

(b) 

32 


Jin. softboard 

0-35 


33 ! 

1 in. weatherboard, 

backed by building 
paper 

Jin. softboard 

0«31 


34 

Jin. weatherboard 

f^in. asbestos cement board 

0-52 


35 


Jin. hardboard 

0-51 


36 

Jin. hard board 

4in. wood-shavings-and-cenient 
board; and J-in. hardboard (no 
studs) 

0-20 

(c) 

37 

(b) Field Tests (1947-48) 
Jin. rust icating board 

fin. rou^ timber lining; scrim 
aiid paper 

0-27 

(d) 

3S 

■ ■■■■■ ■ .. ■ ■■ j 

lin. rough timber lining; scrim and 
paper 

0-52 

(e) 

39 

Jin. weatherboard 

|in. p. and p. board 

0-41 

(b) 

40 


jin. fibrous plaster board 

0-41 


■ Al". 


Lath and plaster (Jin.) 

0-37 


42 

fgin. asbestos cement 
board , 

fin, p. and p. board 

0-41 



Footnotes to Table IT 
(a) Relative density of dry brick 2 *0. . ■ 

{p) <p, and p. 4= plater and pumice.. sandwi<^: board. 

(c> Suitable for .partition walls Only.. 

(d) Severii layeirs of wall paper ; 'u»ventilated cavity, 
fe) One layer of wall paper only: l^tly ventilated cavitjL 
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Table Ill (Continued) . Overseas Values for Thermal Transmittance of Walls 


Wall 

No. 

Oviter Covering. 

bmev Idning. 

Ther¬ 

mal 

Trans¬ 

mit¬ 

tance. 

Refer¬ 

ences. 

Foot¬ 

notes. 

C. 

65 

Frame Constructions ( 
I. Great Britain 

1 in. weatherboards 

and lin. boarding 

AH on 4in. X 2iu. Studding) 

Lath and plaster 

0-28 

6 

(t) 

66 

II. United States 
^m. pine lap sidings, 
building paper, -^jjin. 
fir sheatiling 

Lath and plaster (fin.) 

<>•220 

2 


67 


|in. gypsum sandwich be¬ 
tween paper 

0-218 

2 


68 

III. Sweden 
lin. A'-jointed vertical 
boarding, ivith buil¬ 
ding paper. 

lin. glass-wool insulating 
blanket: budding paper, 
Ain. boarding, -l^in. soft- 
board 

0-18 


(V) 


Footnotes to Table III 

(a) Fiettoii brick is a moderately porous brick common in S. E. England. Its 
relative density is about 1 *6. 

(b) See (5), p. 68; (7), p. 83. Mean of values ranging from 0-So to 0'64, 

(c) Computed for “ medium exposure ” (6); wall ” probably tested in a drier 
state ” than in case of (i). 

(d) Mean of values ranging from 0*39 to 0*46, taken over 13 months. 

(e) Value for days of maximum heat flow. 

(f) London stock is a very porous brick common in the London region. Its 
relative density is about I *4 " Average exposure presumably tested in 
diT'state as for wall 44 (ii). 

(g) “ Thoroughly wet: average exposure. 

(h) Mean of values ranging from 0-39 to 0-43, taken over eight months. 

(k) “ Normal Exposure.” 

(l) " Scottish Practice.” 

(m) See (5), p. 68, Table I; (7), p. 85, Table 1; mean of values ranging from 
0*27 to 0-50. 

\n) “Computed for medium exposme ” (6). 

(o) See (5), p. 74, Table IV; mean of values ranging from 0-28 to 0*35 taken 
over 13 months. 

(p) See (5), p. 71, Table II; mean values. 

(q) See (5), p. 76, Table IT; for days of maximum heat flow. 

(r) From alignment chart, for " average exposure ”. 

(s) Calculated from Rowley and Algren’s experimental data (Ref. 2). 

(t) " Average exposure.” 

(u) Similar to New Zealand “ rusticating ” board. 

(vj Field tests in prefabricated house erected in New Zealand. 
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between the values for Nos. 54 and 55 points to a value for a United 
States single 4-i in brick wall of about 0-47. 

The eoinmon Ntnv Zealand brick is much denser than either of these 
two English varieties, and probably denser also than the American one. 
It i.s generally recognised that thermal transinittauee is high for bricks 
of high density, but no figures are quoted in the literature to suggest 
that any overseas briefcs have as high a transmission coefficient as 
have the New Zealand samples herein discussed. 


Il-i7ich Cavity Wall 

For a New Zealand uiiveiitilated wall, plastered internally, the 
U value is 0-42. This compares unfavourably with the English Fletton, 
plastered (U = 0-30). A .similar wall of London Stock might be 
<,s\l>ected. on the basis of the values for Nos. 53 and 49 (i), to have 
a transmittance of about 0-28. The higher value obtained in Ncav 
Z ealand is due no doubt m part to the higher transniittaiiee of the 
New Zealand brick; but this does not seem to be adequate to account 
for the large dift'erenee noted. The other factor seems to be the higher 
rate of cavity \’entilation. The British values for cavity brick (wall 50) 
are 0-32, unventilated, and 0-35, ventilated (with forced ventilation 
raising this to 0-42); and by comparison, the New Zealand values 
(wall 7) are 0’42,. imventilated. and 0*48, ventilated. Prom this the 
conclusion i.s reached that the A-entilation in the cavity of the New 
Zealand wall was considerably greater than in the naturally ventilated 
British wall, and pos.sibly wa.s approaching that in the wall subjected 
to forced ventilation. The effect of this unduly high draught in New' 
Zealand w'all eavitie.s seems to be the chief cause of the large transmit¬ 
tance, as compared with British values for similar constructions. 

Tlie value calculated herein for a .similar American wall U = 0 274 
(No. 57) indicates a .still lower transmission value, in spite of the 
fact tbat both leaves of the brickw-ork are a little thinner and the 
cavity a little narrower than is the practice in either Britain or 
New Zealand. 

Some comparison Avitli the . Norwegian values may also be derived 
as follow’S, On the basi.s of 0-59 for a single (4| in) brick w’all (No. 43) 
and 0-40 for a double (9 in) wall of similar brick (No. 44} (li), it may 
be inferred that a triple (13|in) British solid w^all would have a 
U value in the neighbourhood of 0-30, a value in reasonably close 
agreement W'ith the Norwegian, figure (No, 58) . Again, on the basis 
of 0-30 for aii 11 in cavity wall [No, 52 (il), plastered and nuventi- 
lated], it would appear as if a British Fletton brick wall constructed 
closely to resemble the lol in cavity wall (No. 59) in Norway would 
have a IT value closely in agreement with the 0-250 aetimlly listed from 
Norway'. The New Zealand values, on a similar basis, Avould almost 
certainly be markedly higher. 

’ Concreie 

; ^The thermal eondiiethity of a sample of solid concrete depends 
mainly on, the nature of the aggi^gate from which it is made. Overseas 
literature quotes a wide range of values, from as low as 6-5 up to as 
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higli as l(r4 units per inch. The values most frequently emploj’ed for 
calculations lie between 7 and 8 units per inch. A wall of solid, dense 
concrete would thus need to be at least 12 in. in thickness before its 
transmittance would be reduced even to the neighbourhood of 0-40, 
tiie figure exliibited by a considerable number of other structures 
comnionly employed, ruder these cireuiustances. it was not considered 
necessary to make any transmittance tests on ordinary concrete walls 
ill tlie present series of measurements. Instead atteutioii was directed 
to such modifications of ordinary concrete as “no-fines'’ and cavity 
block constructions and to cellular and pumice concretes. The values 
found for samples of the former group (No. 15 and No. 17) are dis¬ 
appointingly high; while the sample of concrete veneer construction 
(No. 20) provided the highest value of any structure actually investi¬ 
gated ill the field in New Zealand. On the other hand, the cellular 
concrete (No. 18) and pumice concrete structures (No. 16 and No. 19) 
yielded the lowest A'alues of any modern type of New Zealand Avail, 
excepting only those in Avhicli softboard or other insulating material 
has been introduced into the structure. 

Veneer Consfrucfiom—Brkk and Concrete 

No measurements seem to have been made abroad on any structures 
closely resembling New Zealand brick—or concrete—A'eneer houses. 
Rowley and Algren- give figures for tAVf> brick \’eneer structures, 
distantly resembling a New Zealand type; but in both cases, a layer 
of insulation has been incorporated. The U values are in consequence 
A’ery much loAver (0*104 and 0*136) than aiiAdhing encountered in 
New Zealand. 

All inspection of the actual figures obtained for New Zealand 
veneer eoiistructions, in comparison with overseas A^alues for ordinary 
brick and concrete constructions, reveals the important fact that 
practically all New Zealand veneer constructions have an extremely 
liigh thermal transmittance. The only exceptions are those construc¬ 
tions in which some insulating material (or an extra dead air layer) 
has been incorporated in the structure. These high A^alues, in the case 
of brick veneer, are in part due, as has already been nientioued, to 
the high transmittance A'ahies of Nen* Zealand bricks. But again the 
main cause .seems to be the exces.sive rates of cavity ventilation pre- 
A’aleiit in Noav Zealand houses constructed during recent years. Atten¬ 
tion has already been drawn to the coiisequenees of this NeAv Zealand 
practice in an earlier commimieation from Dominion: Physical Labora- 
and further work on the upper limit of A’entilation necessary 
to obviate the risk of dry rot in .stud timbers, substantiates the preA’ious 
conehisioii that A*ery low ventilation rates are quite adequate to cope 
with this fault, A fuir report on this subject wdll appear in this 
Journal shortly. 

Frame Constructions 

Wood frame methods of wall cohstnicftion hi different parts of 
the Avorld vary consiberably in detail. Apart from the general, but 
by no means universal, tra^tiou of employing 4 in. by 2 in. timber 
.studding, there is littlf resemblance in detail between Neiy Zealand 
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types of wall eoustriietion and those overseas ones for whieli any 
thermal transmittance data are available. The few over.seas values 
assembled in Table III under this heading provide only a very meagre 
basis for comparison with the abundance of data assembled in Table 
II for New Zealand structures. Tlowley and Algren- record mucli 
data on fraim* construetious. presumably typical of American build¬ 
ing praetice; but witli tlie e.xception of the tAVO types li.sted in Table 
HI, all the e.xaini)les f|unted by them contain one or more layers of 
some insulation material, and have in cousecpienee much lower tinns- 
mittanee co-efficients. 

Prom this comparison, the fact emerge.s that the New Zealand 
values obtained from struetiires, actually used in dwellings are in 
every ease appreciably higher than any auIucs available from over¬ 
seas. The only laboratory results which approach these overseas values 
relate to structures in whicdi softboard or other insulating material 
has been incorporated. The field work on frame eoustructioiis thus 
reveal the same inferiority, as compared Avith overse.as typCvS, as 
has already been noted for brick and veneer constructions. Since the 
vast ma.jonty of modern houses in New Zealand are of tlie veneer 
or the frame construction types, it appears that in most of them 
protective measures against external edkl fall considerably short of 
those adopted in overseas praetice. 

Standards op Thermal Transmittance for Dwellings 

In recent years, considerable attention has been directed oversea-s 
to the formulation of standard.s of thermal traiismittaiiee suitable for 
dAvelliugs. In Great Britain, the Burt Committee, in 1944, in its 
monumental report on ‘''‘House Construction”” suggested that the 
follOAving maximum values for heat tramsmission co-efficients would 
}n‘Ove economical:— 

‘‘a. In houses in which the [heating] apparatus allow.s of full ermtrol 
(jver the heat output. " 

Exteruar walls of living room U not to exeecil 0.1") 

External walls of rest of house ,, „ 0.20 

Ground floor <>.13 

Roof ami top floor ceiling ,, „ 0.20 

"li. Ill houses in wliicli the apparatus does not allow of full control 
over the heat output. 

External walls of living room U not to, exceed 0.20 
, Cri-ound floor ^ ,, 0.15 , 

Roof and top floor celling ' „ ,, „ 0.30” 

In Canada, a standard of thermal insulation for dwellings is laid 
down by the National Building Code, prepared under the .ioint 
sponsorship of the CTOvernment Department of Finance (National 
Housing Adminiistration), arid the National Research Council of 
Canada. Except in buildings spiecifically designed for .summer occu¬ 
pation^ only, the Code alloAvs for h maximum tlierraal transmittance 
co-efficient for walls of 0^25 and for ceilings These values 

.seem to be ^Jinewliat conservative, in relation to the severity of the 
Canadian climate ; for Babbitt” referring to a. house haA’ing T.T = 0*20 
for Avails and 0*31 for roof and eeiling, says:*‘Bueh a house would 
never, be used in Cajiada”, 
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There apf)ear to be no jsenerally accepted insulation standards 
for housing in the United States of America. A eross-section of 
current practice in that country is probably indicated in the com¬ 
prehensive report on “Thermal Conductivity of Building Materials” 
by Rowley and Algi-en.- They list transmittance ^'alues for over 
si) tyijes of wall constnictiitn.s, ranging from 0-f)7 up to 0-(h), with 
a mean of l)-2(i. and concentration of values around 015 and 0-22. 

Transmittance values suitable for dwellings in Australia have 


■n given by Barued*'^ as follows:— 


External walls 

0-25 to 0-30 

Floor . 

0-30 to 0-40 

Roof and ceiling .. 

0-30 


Norwegian traditional practice (25 years ago) may perhaps be 
judged from tlie range tif values given by IvoIflaatlU for 34 typical 
wall sections, viz., from 0-133 to 0-378, with a mean of 0-236. 

The Swedisli figure (0-18). obtained in measurements on a pre¬ 
fabricated lioiise imported into New Zealand from Sweden, supplies 
the only available information bearing on relevant current practice 
in that country. 

The field data assembled for New Zealand houses in the course 
of the present investigation range from 0-27 to 0-65, with a mean 
of about 0-45. It is significant that the lowest value met with was 
in a house of traditional fivanie eonstriietion (weatherboards, with 
rough timber lining and an airtight cavity). Such constructicm is 
tM)ieal of the majority of dwellings erected in New Zealand up to 
about twenty years ago. The general eoneensiis of opinion is that 
such houses are reasonably well suited to the New Zealand elimate, 
being comfortably warm in winter. A very different opinion is 
commonly expressed as to the warmth or coldness of lionses of almost 
any of the types erected recently in New Zealand. This general 
impression is borne out by the measurements herein reported ou 
houses built in recent years. It appears that the traditional house 
of twenty years ago set a reasonably satisfactory standard of thermal 
transmittance in relation to the climate peculiar to a large part of 
New Zealand, 

In an attempt to formulate a standard of thermal transmittance 
for New Zealand dwellings, it may be desirable to tahe some account 
of the extremes of elimate in the tar north and in the south. These 
clihiatic contrasts are differentiated in a recent classificatioiU" whieli 
divides New Zealand into five climatic zones, the division being based 
on estimated annual degree-day values for t^i:>ieal stations throughout 
the country. In the north (zone 1). the degree-day value is below* 
1,800 per year, while at the other extreme, zone 5 has upwards of 
3.600 degree-days per j'ear. The central half of New* Zealand falls 
into the middle zones (2 to 4), the climate being in geherai somewhat 
milder than in the south of England. It is appropriate, therefore, 
that a standard of thermal transniittauce for this imrt of New Zealand 
should be lower than that laid down by the Burt Oonimittee. 
Britain. On the other haiid, the,mean degree-day for EhgJand (4,20^ 
is commensurate with that fpr New iSealaiid zone $ (over 3,600). The 
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Biirt reeonimeiiclatioLs miglit theret’twe very well apply to this coldest 
zone of New Zealand; while at the same time a lower standard w’Ould 
suit the milder nortli country. 

In the light of these considerations, it is .suggested that the thermal 
transmittance values given in Table VI should be accepted a.s repre¬ 
senting a reasonable standard for dwelling.s in the various climatic 
zones in New Zealand. 


Table \’I. Prohlsed New Zealand .Staxdard.s ok Thermal Tbansmittaxce 

FOB Dv\T2LLIXGS 

( Alaximnni iterniissiiile lieat loss in B.TlEU./sq. ft/lnv “F) 


Annual (legr(!e-days 

Zone 1 

Zones 2 to 4 j 

Zone 5 

1.800 

1.S00 to 3.000 1 

3.000 

Outside walls of living-room 

0.30 

0.2.5 

0.20 

Outside walls of other rooms 

0.35 

0.30 

0.25 

Ceiling and roof 

0.35 

0.30 

0.25 

Floor 

0.30 

0,25 

0.20 


It will be seen that the .standard for wails in the central zones is 
conmieiisurate with the values f«>und for ■walls in tlie traditional New 
Zealand house, but that values f<ir luo.st of the recent housing types 
Reported in this paper are coh.siderably in exees.s of these standards. 
Even the less exacting .standard suggested for the north is attained 
only by special eoustruetion.s in ■which some kind of insulating material 
i.s incorporated. 


Practical Applications op These Standards 
Treatment of Walla 

If the standards of thermal transmittance of walls recommended 
in Table VI are to be attained in New Zealand dwellings, recent 
methods of coilstruetioii must be modified considerably. 

Two possible coiu*ses are open. Either building materials having 
luueli better thermal insulating properties must be utilised, or insu¬ 
lation must be iiitrodueed into pre.sent structural types..(The third 
alternati'Ve, a considerable iiicrease in thicknes.s of the materials now 
in use, is economically impracticable at the pre.sent time.) 

If the present tyjjes of frame eonstructibn are to be retained, with 
lming.s of either fibrous pla.ster or plaster-and-pumice saiidAvieh board, 
the extra insulation needed may be incorporated within the stud space. 
This insulation may take the form of battsi, sprung into place between 
the studs, or blanket insulation laid in place between the studs before 
affixing the lining, or granular material poured into the cavity from 
above, after affixing the lining, The most siiitahie material in any of 
these forms is one or other of the various woolly mineral materials 
known as glass-wool, mineral wool,: rock wool, .slag wool, etc. This 
material is inert and non-inflammable, and does not attract moisture. 
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As fill altin-iifitivf. the extra insulation for frame eoiistruetions 
may be added on to the interior. Either the room may be lined with 
softboard (a method not generally to be recommended for other 
i-easons, such as the fire hazard), or a layer of hardboard or plywood 
may be attached by wood strap.s to the inner surface of the walls, 
leaving a narroAv dead-air space between the two .surfaces. (See e.g., 
wall No. 13, Table II; the value for an unventilated brick veneer 
wall, lined with plaster-board, etc., and strapped and lined in this 
Avay with hardboard would have a U value of about 0-33; the .same 
internal treatment to wall No. 42 would produce a value about 0-28). 

The other course available is to employ one of the newer types ol 
construction, in which the chief material employed has itself a moder¬ 
ately low tran.suiittanee co-efficient. Most promising among these is 
“iio-fines” pumice concrete, an 8 in. wall of which has given 0-28, 
wliile a 9 in. w’all would in all probability give not more than 0-25^ 
the standard suggested for living-room -walls in the central zones of 
New Zealand. 

The value of inunice concrete as an inner lining is emphasized 
by the results for wall No. 14. (it = 0-32.) Had tlie inner leaf here 
been of “no-fines'’ pumice concrete, the value for the wall would 
almost certainly have been a little below 0-30. 

Another iiromising type of construction arises from the develop¬ 
ment of cellular concrete, used as a permanent sliiittering for a 
structural core of dense concrete. Wall No, 18 was one of the earliest 
examples of tliis eonstriietioii to be erected in' New Zealand, Its U 
value (0-33) lias no doubt been considerably improved by later 
modifications, such as by increasing the cellular tliiekness to 3 in. 
for each leaf, the dense core bemg reduced, without undue detriment, 
to 4 in. Such a wall would have a U value very close to 0-25.* 

No doubt, as the desire to improve the thermal transmittance of 
New Zealand houses becomes more general, further new materials 
and methods of construction will be proposed. As such new ideas take 
shape, the Dominion Physical Laboratory plans to investigate the 
thermal properties of the proposed eoiistruetions and to publish 
results, as opportunity offers. 

Treatment of Ceilings- 

The standards of thermal transuiittance, above proposed, include 
value for ceilings and fioors. Little mentioii has so far been made of 
these in the present report. The results in Table VII are the only 
experimental values for New Zealand ceilings available for compari¬ 
son with these standards, these values being quoted from a previous 
’ report®. They were all obtained in reeently^erected houses with 
pitched roofs, in \yhich the attic space, as is usual, was substantially 


* It should be noted here tliat lioth pumic concrete aud cellular concrete, 
as nbrnuilly cured, are subject to cousiderable dimensional change with 
eiiange in moisture content, a property whicli renders them very: liable 
to cracking, and requires. the use. of speqial rendering and plastering 
mixtures to match this diinenaiostal change, TIus deffefjt appears to have 
lieeii largely oyermme abrtvad, and investigations aimed at overcoming it 
are in progress; in the Dominmu .Physical Laljoratorvi 
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ventilated. The temperature difference on which each result is based 
is the difference between the temperature maintained inside the 
room and that measured (in a steady state) in a sheltered locality, 
tour feet above |»r()und level, outside the house (and not above the 
roof). Tliis teclmi(|ue, though not fundaiueiitally sound, is justified 
insofar as it simplifies the application of the results to normal prac¬ 
tical procedure. It .should be noted that the values apply to -winter 
night conditions, wlien heat is escaping upAvards from the house, and 
not to summer day conditions, Avhen heat is normally flowing down- 
Avards from the outside. 


Table YIl. Tberaial Tjlvxsaiittance Values fob Ceilings 
IX New Zealand Hogses 


.Fi))roH.s plaster and tiles 

0.60 

Lath and plaster and tiles 

0.60 

.Softhoard and tiles 

0.40 


Since heated air tends to rise, the temperature of the ceil mg of 
a heated room is usually Avarmer than the Avails. Hence heat losses 
from a house are usually greater through the ceiling than through 
a corresponding area of AA'all. Also with the modern tendency to erect 
houses Avith a stud height of not more than about eight feet, the Avail 
area has become smaller, and is also smaller in proportion to that of 
the ceiling. It is therefore of .still greater importance in modern houses 
to give careful consideration to the insulation of ceilings. This is less 


Table \TII. U Values Ricscti.ting fbum TNTiMU>urrioN of Insulation 
INTO C’BIUNGS 


Method 


For a ceiling having 


U value initially 



0.40 

0.60 

1 

lustra layer of in softhoard in 
eontiud with ceiling (either above 
or below) 

0.2.0 

0.32 

2 

Extra layer of 4 in softljoard 




nailed over joists giving 4 in air- 
, tight cavity 

0.20 

0.24 

3 

1 in niiiienil wool (flocculated or 




gramihitcd) poured oh to ceiling 
hetween joists 

0.17 

0.20 

4 

1 in mineral Avool blanket laid 
over ceiling between joists 

0.10 

O.TO 

^ ■ 

2 iu niineral wool (in batts) laid 
over ceiling Ijetween jiiists 

0.10 

i 

■ ■'0.1.2 1 


difficult to achieve tlian in. the ease of w'alls, except perhaps in houses 
already erected aiid having flat roohs. Methods by AA-hieli insulation 
may readily be iutrodueed into ceilings are suggested in Table VllI, 
where also are'tabulated the {calculated) transmittance values for the 
the varioiLs methods siigge-sted as applied to typical ceilings frorii 
Table VII. ■ ^ 
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As Avill be seen, Method 1, as applied to a plaster eeiliny*, is adequate 
to conform to the standard set for Zone 1, and Method 2 for all other 
zones. It should be pointed out, hoAvever, that an important iiart of 
the cost of installing insulation arises from the labour charges, so 
that the extra cost for the superior insulation is not proportionally 
higher. Also the installation of ceiling insulation is almost invariably 
a very economical measure, if reckoned in terms of the value of the 
fuel saved during the life of the house. 


Treatment of Floors 

The only type of floor commonly employed in New Zealand dwell¬ 
ings is the tongued and grooved board floor on timber joists, with 
ample under-floor ventilation to ensure the continued dryness of the 
timber. The U value for such a floor is about 0-40. Since most of the 
heat loss through such a floor results from this, very necessary A^entila- 
tion, it may be more economical, in planning a new house, to design 
a solid floor built directly on the ground, rather than to attempt to 
insulate a ventilated timber floor. A recommendation along these lines 
is made in the Bgerton Eeport,’** in which the value quoted for one 
inch (nominal) toiigued and grooved boarding on timber joists, 
ventilated underneath, covered with linoleum, is 0-35; while for one 
inch (nominal) wood block on concrete on ground, the value is 0-15.'* 

One such floor has been investigated in New Zealand. It consisted 
of four indies of dense concrete, underlaid by nine inches of shingle, 
and covered with a half-inch of bitumen flooring. The U value was 
0-14. This type of floor is thus a distinct improvement on the tradi¬ 
tional New Zealand floor from the heat loss angle. At the same time, 
the cost is liable to be appreciably less, especially in comparison with 
an insulated board and joist floor, provided the site is suitable. 

If, however, it is desired to insulate a traditional timber floor, 
a number of practicable methods present themselves. Table IX offers 
some suggestions for this, togetlier with the calculated U values 
resulting. 

Once again, some of the values are much superior to the standard, 
but the exH*a cost of the better insulation will probably be more than 
compensated for by the extra saving in fuel costs. This does not apply 
with quite so much force as in the ease of ceilings, since internal 
temperatures tend to be lower near the floor than near the ceiling. 
However the general comfort of a bouse is distinctly imiiroved when 
the floor feels warm to the feet, a result which is as,sured. if the floor 
is insulated. ■ • . 


*As tluv Burt Keport points but,“ '‘noraially the temperntui’e iliffertjuco 
across the floor (air iusicle. to will lie less than that across the 

external wall (air inside to air outside). The true value of U for the solid 
ground floor is adjusted so that, iu .calculating the heat loss through tlie 
floor, these two temperature differences eaii be hssunjed, to be the same”. 
The value for the New Zealand fidov, quoted above, has been adjusted, iu 
the same maimer. . ■ ■ 
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Table IX. U Values fob an Insul.vted Floor Having a U Value 
(Uninsulated) op 0.40 

in softboai'd, cut and nailed to uiidei‘.side of floorboards 

betAveeu joists 0.25 

ill softboai’d, nailed under joi.sts and sealed to give an air¬ 
tight eavitv 0.20 

i in liardboard, nailed uiuler joists and sealed to give an air¬ 
tight cavity 0.28 

1 in mineral wool blanket, cut and nailed to underside of 

lloorlioards between joists O.IG 
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APPENDIX 

Automatic; Belay Circutit eor Keoording Camera Operation 

By W. N. Mouat, Doiiiinion Physical Laboratory, 
Departinent of! Seientifie and Industrial Research, Lowin* Hntt 


Summary 

An iiutoinsitic switcliinj^ circuit is described for converting a signal, 
line to l)ot]i make and l>reak of a thcmnostat circuit, to a complete on-off 
cycle at each signal. The duration of the on-off cycle is independent of 
tile originating signal and is easily adjustable. 

Tins circuit was dovisod for the o])cration of a camera for wliieli a 
complcto on-off cycle was retiuired, and which was used to record 
the r(‘adiugs of several variables in an experhneut. The camera and 
Uglits could not be energized contiiinoii.s]y. Since records were required 
of exact timing', a clock with a seconds sweep hand was photographed 
at the same time as the other variables. 

Three relays were used, as shown in Fig. 4. Relays A and B were 
standard P.O. type 3,000, with double windings of 2,000 ohms each. 
Relay C is also 3,000 tyjie, with with a single 6,000 ohm winding. One 
winding of both. A and B is shorted, when at rest, through its own 
contacts, so that it provides a delayed action on pick-np only. 

An electrical interlocking is also provided to ensure correct opera¬ 
tion (note aa-a^ and b.<j-b 4 ). The interval of time (several milliseconds) 
between drop-otf of one relay and pick-np of the other is used to charge 
the condenser connected across relaj'’ C. 
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Operation 

(1) Thermostat moves from “cold” to hot”. 

(2) Eelay B drops olf and contact b^i is coiineeted to battery wliich 
energizes relay C and condenser. Tliis ojierates lights and camera. 

(3) Eelay A then picks iij) and discoiniects relay C circuit by 
opening contacts a^i. 

(4) Condenser holds relay 0 for delay of 1 .sec. and tlien drops off, 
to he ready for next signal from thermo.stat. 

The duration of the on-off cycle of relay C is adjustable by altering 
the electrical circuit to suit. This could easily be done by incorporating 
a variable resistance .suitably calibrated as a shunt across the condenser. 


Ai^knovvledoment 

Thanks are expressed to the Director, Doiwiniou Physical Labora¬ 
tory, for permission to publish this note, also to officers of the Post 
and Telegraph Department for helpful suggestions. 
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EARTHQUAKE ORIGINS IN NEW ZEALAND 
DURING THE YEAR 1949 

By R. C, Hayes, Seismological Observatory, 
Hppartnu'iit of Scientific and Industrial Research, Welling'ton 


Summary 

Oi'igin tiines, opicentve jtositions, and tin? maximum roported felt 
intensity of all earthquakes located in the New Zenhiiul region during 
tile year 11)41), are tabulated below. 

The epicentres are also shown graphically on the accompanying map, 
with the exception of seven, which are outside the boundary' of the map. 
Isoseismal maps are given for two of the most important shocks during 
the year. 


Origin Time. 

Epicentre : 

Max. 

^Felt 

Grig 

[in Time. 
•M.T.)* 
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Max. 
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h, 

m. 
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Long. E 

sity. 
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h. 

m. 
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VOLCANIC ACTIVITY AT MT. RUAPEHU FROM 
AUGUST TO DECEMBER, 1945 

By A. C. Beck, New Zealand Geological Survey, Department of 
Scientific and Industrial Research, Rotorua, 

Summary 

The activity of Mt. Ruapehu when in eruption from August to November, 1945, 
is described and mechanism of eruption is discussed. Maps, photographs, and 
.sections illustrate the various .stages of eruption. 

Introduction 

The earlier stages of tlie 1945 eruiDtion of Mt, Ruapehu have been 
flescribed by Reed (1945), who reviewed previous activity and briefly 
descriljcd the geolog}^ of the inoiintain, and by Oliver (4945). The.se 
accounts dealt with the progress of the eruption from March, 1945, 
when unusual activity was first noted, to July, 1945. 

On 8 August, 194S, the writer (at first in company with Mr. H. E. 
Fyfe, New Zealand Geological Survey ) began observations, using the 
Chateau Tongariro as a base. During August a geophysical party made 
preliminary magnetometric and microseismic inve.stigations. The writer 
visited the crater to observe its activity from September to November 
whenever weather and climbing conditions permitted. During November 
geophysical equipment was installed at the Chateau to record seismic 
and magnetic activity, and at the end of November, Mr. J. Healy. 
vulcanologist at New Zealand Geological Survey, took charge of further 
investigations, 

. Narrative of Activity 

July: Between Oliver’s visit and the l)eginning of August, visitors to 
the mountain reported that the intensity of the eiiiission, chiefly steam 
and some gas, increased throughout the month and that infrequent 
heavy explosions occurred at irregular intervals. These explosions 
threw boulders, up to several tons in weight, sonie hundreds of yards 
from the crater* on to the. surrounding ice, the impact making large pits 


*In tliis account, references to the crater apply to the basin formerly containing 
the crater lake, and pot to the new crater foniied by tlte present eruption, which 
will be. referred to as. the “vent.” 








Fi}?. 1—Aerial photograph of the summit of Mt. Ruapehu showing development 
of main features of the crater. View from north. A, B, C, ring fault, later 
developed further. Two vents are seen, the third being obscured. 22 August, 1945. 

—Photo PNZAF 

The still-growing plug-dome occupied the whole of the crater except 
for a .strip of mud a chain wide in the north-west quadrant. The ice 
walls present on three sides of the crater were ash-covered and pitted 
wkh houlder holes. On the, east side the dun rock rim was hare. The 
houlderv surface of the plug-dome Was nearly flat except for low cones 
surrounding the three principal vents. The large.st vent was about 10 
chains in diameter and near the ea.st edge of the plug-dome. A .small 
central vent on the edge of the east vent was a few v-ards in diameter. 
The third, a little larger than the central vent, was on the west side of 
the ph^-dome. In the north-we.st quadrant was a narrow ring- fissure 
Fig. 1)„ These main features are also shown on a plan and section 
2 (4a and 4) ). The main activity was from the east vent, from 
which asli-laden steam was erupted continuously. .Frequently hursts of 
steam earned boulders up to 1.000 feet into the air. The majoritv of 
these boulders fell, back on to the surface of the plug-doine, but some 
that were projected slightly laterally ..fell oh the ice in the basin sur¬ 
rounding the crater. These bursts of ash-laden steam that carried the 
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boulders became highly charged electrically, and lightning discharges 
occurred between the ascending ash cloud and the surface of the plug- 
d(jmc, accomi^anied by sharp crackles of thunder. Ash-free steam issued 
from the central and west vents, from the fissure, and from many cracks 
and crevices in the surface of the boulder-strewn plug-dome. 

On 22 August, the activity reached a peak not exceeded till Novem¬ 
ber. A tremendous cloud of ash-laden steam was carried westwards, and 
a fall of grey dust was observed at Wanganui, 55 miles away. 'Phe 
colour of the continuous heavy bursts was variable : at times it was 
of a pinkish tinge and at other times it was yellowish; but for the most 
part it was dark grey. In the crater itself the central vent emitted mainly 
a yellowish steam, and the west vent, both white and pink .steam. 
Occasionally the main vent emitted a pink cloud, but the steam from 
this was predominantly dark grey with ash. 

A visit was made to Ngauruhoe, Red Crater (Tongariro) , and Keti- 
tahi Springs at this time, but no abnormal activity was observed. 

After 22 August, activity began to decline until the ash content of 
a diminished volume of steam was very slight, Landsliding of the ]diig 
material into the main vent during late August and early September 
increased its diameter to about 15 chains, 

September: Activity was slight at the beginning of the,month. Steam 
having a small ash content issued from the main vent with a loud roar; 
and a diminished volume of steam was emitted from the minor vents. 
Occasional explosions threw boulders out on to the ice basin. On 4 
September a large volume of vapour was issuing from ].)its in the 
southern ice wall of the crater where hot boulders had fallen—prol.)ably 
in an explosion seen from the Chateau 15 hours previously. 

Activity remained slight, and by 16 September j^art of the crater 
lioor had collapsed about 10 feet. Alxiut five chains out from the crater 
walls a 10-foot scarp, facing the vent, extended round the |)lug-dome 
from north-east to south-east. Previously the site of this ring fault scarp 
had been a fissure from which steam issued. The central vent had 
disappeared, lieing incorporated in the main vent when it was enlarged. 
At this stage the fragmental surface of the j)lug-dome was a little lower 
tlian the surface of the former lake. An ice cave, the means of exit of 
the lake water to the Wangachu River, was present on the south wall 
of the crater. Steam cmis.sion with a little ash content continued until 
17 Septemlier, when activity suddenly increased. The ash-laden clouds 
rose to 15.00tP-20,000 feet in heavy bursts, with a frequency of about ten 
seconds. At 7.17 a.m. on 27 September, an earthquake was felt which 
was purely local and probably originated under the mountain. A few 
minutes later there \N-as an explosion in the crater, and the eruption 
continued as intense continuous exjjlosive bursts. Boulders issued from 
tile main vent, spearing up through the ascending ash cloud and leaving- 
black trails as if small rock particles were being expelled by expanding 
gas inside the hut rock. The electric discharges were most intense in 
these bursts. The ash cloud resembled the smoke of a violently puffing 
st eam-engine. The vent was being cored out by these and by occasional 
explosions (described below in sections on explosions), whicli at dose 
quarters gave a sharp crack like .that .of a giant rifle, but at a distance 
sounded more mufBed. The explosions seemed to originate deej) in the 
vent, as the resultant cauliflower of ash was already condensed and slow 
moving when it first appeared at the top of the ventbiit in a few second.^ 
it was more gaseous and rose at the rate of about 500 feet a second, 




DEVELOPMENT OF THE CRATER 
FORM OF MT RUAPEHU 
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Large and small boulders emerged through the cloud as spearing shafts, 
and rose 2,000 feet above the crater. Most of them fell back on to the 
]Dlug-dome, but some whistled down on to the snowfield to embed them¬ 
selves six feet or more in the ice. The steam cloud often mounted to a 
height of 10,000 feet above the mountain top and maintained a close 
white cauliflower form for up to 20 minutes. The lightning effects were 
very intense. 

October: Activity remained vtry strong, but its intensity had dimin¬ 
ished noticeably. Heavy explosions occurred at irregular intervals, and 
lioulders three feet across were thrown as far as three-quarters of a 
mile from the vent on to the north-west slopes of the mountain. Small 
explosion pits two to three chains across were formed, one on the north¬ 
east edge of the main vent, and one on the ring fault .scarp on the nortli 
side of the plug-dome (see Fig, 2 (5 and 5a') ), The explosion that 
|iroduced the latter pit mu.st have projected the debris obliquely, as the 
western glaciers on the outer slope of the mountain were boulder-pitted 
f;ne mile and a quarter from the vent, and down to the 5,000-foot level. 

On 15 October, the activity had diminished further, and .steam with 
very little ash was emitted with a loud roaring sound audible ten miles 
away witli a favourable wind. Oblique emissions of steam from the 
main vent were seen from the Chateau. 

Ketitahi hot-springs area was visited and a slight increase in activity 
was noted. 

During the middle of October, explosions occurred at irregular inter¬ 
vals, \^fl^en these occurred at night, the lightning discharges inside the 
ash cloud appeared reddish and gave rise to reports of flames and red- 
hot boulders, hut could easily be distinguished from them by careful 
oliservation. 

A minimum of gas emission occurred about 20 October, and then 
increased with the eruption of ash clouds. 

No%*e\mher : On 3 November, the vent had been enlarged to two- 
fifths of the diameter of the crater (about 20 chains), and the crater 
itself had been enlarged southwards about six chains by the melting of 
the ice walls, probably by the oblique steam emissions noted during 
October. Since early (October, the crater floor had risen 60 feet (Fig. 2 
(6 and 6a) ), and was within 80 feet of the crater rim, owing mainly 
to accumulation of ejected rocks and perhaps to an actual rise of the 
plug-dome. The inside of tlie vent showed a stratified structure of 
alternate layers of heavy boulders and light rubble and ash. The ring 
fault surrounding the central area of the crater floor had been active, 
for the scarp was quite distinct. The explosion pits noted previously and 
the plane of the ring fault were emitting much steam. The rocks thrown 
out from the vent were very irregular in shape and emitted opalescent 
blue-grey trails behind them. 

About 6 November, actirity reached its maximum for the whole 
period of eruption. Continuous ejection of rocks to 1,000 feet above the 
crater floor and strong steam emission from the minor explosion pits 
and fissures marked this maximum. Occasional heavier bursts carried 
rocks up to 2,000 feet, and one spectacular outburst at 8.40 p.m. on 
S November flung red-hot boulders (the only eruption of red-hot 
material reliably reported) 1,500 feet above the mountain top. 

After this maximum the activity decreased slowly during early 
Noyeniber, Steam with only a small agh. content was erupted with a 
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loud roaring sound. Infrequent explosions hurled rocks one mile from 
the vent on to the outer glaciers. 

On 17 Noveml^er, after an explosion, the cloud became heavilv 
ash laden, although the volume was less than in early Novem1)er. The 
rate of fall of the ash was measured at this time. 

By the end of November, activity was less intense, and the scarp fif 
the ring fault had increased to from 20 to 25 feet in height. Emis.sion of 
.steam from the minor explosion pits and fissures was slight, and the 
west vent had lost its separate identity and was part of the scarp of the 
ring fault.; The increa.sing collapse of the crater floor indicated that the 
eru])tion was losing force. 

'riie writer left the area on 26 November. A later visit was made on 
29 Decemlier with i^fr. J. Healy, New Zealand Geological Survey. 
Although the view was iiartly obstructed h}’’ mist, the ring fault scaiqi 
v\as seen to have increased in height, and activiti'’ had decreased to a low- 
pressure emission of .steam. Little steam was issuing from the scarp or 
from the one remaining explosion pit. The explo.sion pit on the edge of 
the main vent had disappeared, as the side of the vent had fallen in. 
.A strip of mud had reupiiearcd between the ice wall of the crater and 
the plug-dome in the north and the west quadrants. 

Dl.SCUS.SION 

Idle beginning of activity after a period of quiescence is .generally 
held to he the culmination of a long period of building up of gas ]ire.ssure 
beneath tlie plug in the conduit pipe of the volcano. When sufficient 
pressure ha.s been attained, the hot gas in the reservoir break’s through 
and forms a new crater. This was probably the dominant mecliani.sin in 
the initial stages of the 1945 eruption of Mt. Ruapehu. 

L. C. Graton (1945) holds that tlie presence of gas reservoirs and gas 
fluxing is iinprol)al)le, because of evidence derived from experiments 
giving Cjuantitative estimates of heat losses during gas expansion. In 
this case, however, tlie mechanism suggested below does not require a 
gas cirshion l)etween the rising magma and the fissured plug to elevate 
the i)lug-dome, and the temperatures deduced for the upper jjart of a 
magma of hypothetical tempei-ature and vapour content can Ite easily 
reconciled with the reheating of the plug material to between 700 and 
§00°C., especially as free expansion would not be permitted in a semi- 
etosed system such as a fissured plug-dome without a large open vent. 
The absence of pumice as an eruption product means that a less gas-rich 
magma is involved, and hence the cooling effect would be less. (No 
melting of old rock is visualized in this discussion, but reheating by 
ga.s to red heat is inferred.) 

Tliat there have always been fis.sures in the plug filling the Ruapehu 
conduit pipe is suggested by the presence of and at times geyser-like 
ejection of mud from a warm crater lake heated by steam i.ssuing from 
these fissures in ^ its bottom. Soundings recorded in the visitors' hook 
Club s hut give tlie depth of the crater lake as some 
-(X) feet some years prior to the eruption. Gas, or direct magma pressure. 
api>arentlv forced the plug upwards till it appeared as. an" island in the 
lake in jMarch, 194o. The "island ’ was red hot, inside a thin cool crust, 
o.wnig to the heating effect of superheated steam escaping from manv 
fissimes. This "island" Avas closely pbser\’ed by Dr. D. G. McLaughlin, of 
the Chateau, nnd was seen to rise and fall approximately 15 feet \vithin 
*i peuod of about two minutes, Wheji it rose, the dark bouldery surface 
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cracked open, and these red-hot tissures emitted clouds of steam which 
condensed some distance above the plug-dome. When the island sank 
1)ack, the fissures closed, and steam emission was much less. As the 
colour was a lufight red, a rough estimate would qxit the temj^erature 
ill .side the criust at from 700 to.800“ C. , 

At no time was lava seen, and molten rock must . have been at least 
2C0 to 300 feet below the. surface of the .plug. Thi&.phase of the eruption 
is described by Reed (1945)..and Oliver (1945). . 

The gas escaping from the fissures blasted vents in the plug-dome. 
During July, one vent became dominant and -the rise of the plug ceased, 
later increases lieing due mainly, to. acci-fetions- of ejected boulders. 

After the period of active dpni^-jhiiilding had ceased, the steam issuing 
from the vent was saturated and at low .temperatii,re, although it issued 
under great pressure. This suggested a deep level for the magma, which 
was later confirmed by a guide Who ventured on to the surface of the 
plug-dome, during a minimum of activity in ‘October, and reported the 
view down the vent ob.scured at aliouti'SOO feet by steam clotiids.,. During 
the e.Kplosive bursts, however, the gas temperature was much' higher, 
as the debris clouds were the tnie colour of the rock particles—jet 



Idack—and onl\' when they had risen about a thousand feet did the 
.steam condense and form the characteristic dark grey clouds. 

With the formation of an open vent, the influence of the luni-splar 
tidal periodicity was apj)arent. The effect was .small and only slightly 
noticeable superimposed on the major fluctuations of longer period and 
unknown cause. 

The major rhythm began with a gradual increase in activity when 
the steam was heavily charged with ash. Relatively few explosions 
occurred, and these were very sudden. The maxinium actiwty occurred 
at a luni-solar maximum, and then a gradual decline set in. Two such 
inaxima occurred: one on 22 August, and the other on 6 November. 
T he abrupt outbreak on 28-29 September probably had another cause. 

The decline from maximum activity was marked by the internal 
collapse of the crater floor,^ forming or increasing a scarp, lay many 
heavy explosions in the earlier part of the decline, and by the emission 
of steam carrying little ash. The steam issued with a loud roar markedly 
different from the much quieter .emisaon. during the beginning of the 
cycle. This was relieyed infreciueiitly by an explosion, after which, for 
a few hours, ash-laden .steani was emitted. 

After a period of decreasing activity, a slow circulation of magma 
below the vent must have replaced material almost, exhausted of gas 
with magma richer in gas, and thus apothei*. major cycle Avas initiated. 
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The maximum of 28-29 September was different in that there was 
no slow building-up of activity from a minimum. The top of the 
magma column must have been almost blocked, thus preventing the 
circulating magma from recommencing a cycle. An earthquake, the only 
one during the whole of the later period of eruption and which was felt 
only at the Chateau, seven miles from the crater and at the base of the. 
mountain, was probably the result of magma movements, perhaps in 
com]:)ensation for the loss of ash and gas, which broke up the obstruction 
in the vent. Soon afterwards an explosion cleared the vent completely, 
aiul the eruption proceeded at a maximum level. The decline of activity 
from this maximum resembled that following the August maximum. 

The cycle that reached its maximum on 6 November resembled that 
of August, and it proved to be the maximum for the whole eruption. 

''riie activity of the minor vents in the latter period of eruption wa.s 
no doubt—in part, at least—due to the water from the melting of 
glaciers that formerly fed the crater lake that had become vaporized by 
percolating into the hot plug material. 

Explo.sive Activity 

Tlie most .spectacular effects of the eruption were tho,se produced by 
the many explosions in the crater. 

There were two types of explosion cycle, for which two different 
explanations are suggested. 

(1 > During the increase of activity to maximum emission, infrequent 
sudden explo.sions occurred. The .steam and a.sh emission would almost 
stop and only a small white .steam cloud rise leisurely from the crater 
tor up to two minutes. Then the gas pressure accumulated during the 
interval would he violently relea.sed by an explo.sion hurling large 
boulders several tons in weight as far as one mile from the vent. The 
sudden stoppage of steam emission before the explo.sion seems to indi¬ 
cate a sudden freezing over of the .surface of the magma column, and 
this is borne out by the ejected boulders, which were nearly all of new 
vesicular lava. There were very few fragments of dark pumice. This 
type of explosion once blew out red-hot boulders, but never an\' 
unfrozen magma to form lapilli or bombs. 

(2) The.se explosions occurred during the decline of activity from a 
maximum. For a period ranging from eight hours to several days prior 
to this type of explosion, the almost ash-free steam issued with a loud 
roar. This could he due to the steam’s having to force its way through 
cracks and crevices in the landslides and boulders that fell from the 
.sides of the vent after a reduction in supporting gas pressure, or a fall 
in magma level during the previous violent activitv. The ash-free 
condition of the steam would thus be due to a filtering effect of the 
narrow and tortuous fissures. When they became too greatly blocked by 
ash to i>ermit the whole volume of steam to escape, a period of little' 
steam emission followed while the gas pressure was built up in the 
threat of the vent behind the obstruction. Five to ten minutes later an 
explosion cleared the vent for a short period, during which ash-laden 
steam was erupted. Then further landsliding and falling back of the 
ejected boulders recommenced the explosion cycle, whose length de¬ 
pended on the volume of steam emitted, and thus on the rate at w'hich 
the vent liecame choked with ash. This period varied from about eight 
hours, when the steam was of greater volume, to several days, near a 
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minimum of emission, and for several days during late August had a 
period of 12-^- hours, thus simulating regularity. 

The above phase could be alternatively explained Ijy the steam’s 
having to force its way through a solidified vesicular plug formed Ijy 
the cooling effect of the Auolently expanding vapour at the immediately 
preceding maximum, or perhaps by a combination of both processes, as 
definite collapse of the vent walls was evident from its increase in 
diameter. 

If this freezing effect were dominant, the number of explosions should 
have decreased with decreasing steam emission. In the earlier stages of 
the decrease the reverse was true; but later the period of the explosi\'e 
cycles decreased. When the activity began to increase again, this type 
of explosion should have become more frecjiient, but instead it became 
less fretpient and of a different type ( (1) above). The boulders thrown 
out included the old plug material (massive lava, which in August 
included blocks with a pitted reheated surface) as well as new vesicular 
lava. 

The must likely mechanism is that of the blockage of a reduced 
(by solidification of part of the magma surface) surface for gas emission 
by the debris from internal crater collapse. This would be facilitated 
by a withdrawal of the magma to a greater depth in the vent. 

The explosions were reported by local residents as earthquakes, since 
the concussion of the explosions produced the secondary effects of a 
quake—i.e., windows rattling, swinging doors set in motion, rumblings, 
etc. There was, however, only one earth tremor felt during the whole 
eruption, though without doubt there were many niicroseisms for which 
there were no instruments for recording until November, when the 
worst was over. The explosions were heard up to 30 miles from the 
mountain, according to the wind direction. 

Electrical Effects. 

Electrical effects were seen from close quarters during the maxima 
of eruption as short lightning discharges between the heavily ash- and 
boulder-laden clouds or towards the crater floor. They were accom¬ 
panied by a sharp crackle like that of burning straw and were confined 
to the lower 500 feet or so of the cloud, Avhere the velocity was greatest, 
and could not be seen from below the summit of the mountain. 

The greatest effects occurred in the immense cauliflower masses 
formed liy the heaviest explosions, and were exceedingly spectacular 
at night. Some seconds after the cloud was first visible, several vertical 
shafts would be discharged from the bottom of the column. Then vertical 
and horizontal discharges combined to make the whole mass of cloud 
a column of blue-white light for about 30 seconds, illuhiinating the 
whole top of the mountain as if by a magnesium flare, and accomjianied 
b}^ an intense rumble of thunder. Then the display would gradually die 
out, leaving the mounting cloud with only occasional reddish discharges 
inside it. 

Rocks Involved in Eruption. 

No difference in hand specimens could be seen from those descrilied 
by Oliver (1945). Early,in August, the ejected boulders were largely 
glassy and massive, with a sub-conchoidal fracture and, a rough pitted 
surface, and were probably reheated plug material. Later, especially 
in November, the ejected rocks were verj^ vesicular but of the same 
composition—i.e., largely glassy, with a few scattered phenocrysts. 
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Gases. 

No gas samples could be collected, so that composition was inferred 
from the colour of the steam. As the vents could not be api)roachcd 
with safety, this admittedly unreliable method is the only available guide 
to gas compositions. 

The greatest proportion of the gas was steam: and hydrogen sulphide, 
.sulphur dioxide, and hydrogen chloride, identified by smell and sensa¬ 
tion, were the most abundant of the other noticeable constituents. 


Colour of gas seen Inferred constituent 

Pale yellow . Sulphur and ferrous chloride 

Pink . Ferric oxide (particles) 

Pale green . Copper compounds, chlorine (?), and 

ferrous sulphate 

W'hite opalescent ...... Sulphur 

Brown . Ferric chloride (?) 


Asfh Content of Cloud. 

The ash content of the steam was variab.le, but one measurement was 
made of the amount fallen. On 17 November, ash fell at the Chateau 
for 14 hours, producing a layer ^ inch thick, representing 17 tons an 
acre, or approximately 12,000 tons a square mile. It was difficult to 
estimate the area over which the ash fell, but it was approximately 25 
s(juare miles, with a thickness of ^ inch. On the uppth- slopes of the 
mountain, ash and small gravel formed a layer up to three inches thick. 
The prevailing wind deposited most of the a.sh tt) the east of the moun¬ 
tain : and on the Desert Road between Turangi and VVaiouru it f«,)rme<l n 
deposit one inch thick—i.c., 100,000 tons per S(|uare mile. Owing to 
A'ariations in strength and direction of the wind, the area covercfl by ash 
is unknown, but at times it reached Napier, about 60 miles to the east, 
and Wanganui, a similar distance to the west. A light s])rinkUng of 
fine dirst occurred in Lower Plutt district, 100 miles t<.) the south, in . 
Augu.st (.see Fig. 4). 

Supposed Correlation with Lake Taupo Levels 

Suggestions have been made of a possible correlation between the 
raising of the level of Lake Taupo in connection with the Waikato River 
Hydroelectric Schemes and the commencement and cessation of tlie 
eruption of Mt. Ruapehu. Lake Taupo is situated on the fault belt 
cojmecting Ruapehu with White Island, and it was suggested that the 
extra load imposed upon the relatively weak crust of the Taupo grabeii 
would cause isostatic sinking and displacement of magma that must be 
present at no great depth below the whole hydrothermal belt. It was 
suggested that this displaced magma would find an outlet at,.the weake.st 
spot in the vicinity—viz., Ruapehu. The accompanying graphs allow the 
C(!m])ari.son of the level of Lake Taupo and the activity of Mt. Ruapehu.; 
Dome-building activity as shown on the graph (Fig. 3) includes the 
building-up of debris thrown from the vent as well as actual rise of 
the plug-dome. During March, 1945, the plug was pui^hed up. and, 
appearecl as an island in the lake. It: sank out of sight later in Aiarch. 
and reappeared in mid-April and continued growing in size, reaching 
peak intensity at the end of June. It collapsed again in September, and 
during late October and early November, w'as biiilt up by boulder 
accumulation. Later in November and during December/further collapse 
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occurred. The intensity of gas emission has been indicated by a curve 
showing the relative volumes of gas emitted with minor irregularities 
(e.g., luni-solar maxima and minima) omitted. Both graphs are to a 
great extent subjective, and are relative, not quantitative. The highest 
point on the graph of steam emission is roughly ten times the lowest 
point during the active period. 

In 1943, the level of Lake Taupo was raised by about four feet in 
connection with the Waikato River Hydroelectric Schemes. This in¬ 
creased load over an area of 240 square miles would not, under normal 
conditions, cau.se a shifting of isostatic equilibrium, as the crust is 
capable of bearing much greater stresses than this for long periods 
(Bucher. 31-4). However, as the bed of Lake Taupo is in part an 
explosion crater, and possibly a caldera depression, this weakened crust 
might warp under lighter loads. Sudden warping would be accompanied 
by local earthquakes, but there was a marked absence of seismic activity 
during the eruption and no extraordinary activity during the preceding 
year. 

The level of Lake Taupo in 1944 was high and fairly uniform, and 
if volcanic activity at Ruapehu was caused by this there must have l.)een 
a long period of lag, as the eruption began when the lake level was 
falling, in March. 1945. The period of maximum dome-building and 
steam emission occurred when the lake was at its lowest level for two 
years, and activity liecame less when the lake level rose again in Septem- 
her, 1945. A maximum of steam emission and dome-building occurred 
in November at a period of maximum lake level, and the lake level and 
activity declined together in December, 1945. 

Little correlative agreement in the graphs can be seen except for the 
November maximum and the December decline. Once the magma had 
overcome the initial resistance of the plug in the crater—i.e., in March, 
1945—the activity should roughly reflect the broad pattern of maxiniu 
and minima of lake level, perhaps with some time lag, if such a correla¬ 
tion is justified. As the graph shows, there is little to support the 
.suggested correlation, and the evidence seems to show the independence 
of volcanic activity and lake level. 

Conclusion 

The activity of Mt. Ruapehu resembles that of Perrett's Open Cone 
type of dome, and he considers that this type of activity denotes waning 
eruptive force, and this seems justified with regard to Mt. Ruapehu. 

It is the writer's view that the 1945 eruption was less severe than 
that at the time of the legendary battle of the mountains of Maori folk¬ 
lore in which Ruapehu took part. That eruption left a crater occupied 
by the former crater lake. The vent of the present eruption occupies 
a small area of that crater. Probably no lava flowed from Ruapehu 
during the former eruption, as the latest lava flows on its flanks are 
ice plucked and must have occurred long before Maori times. If this 
hypothesis of waning activity is correct, the period of quiescence follow¬ 
ing the present eniption is likely to be longer than that preceding it 
to the 1945 eruptionv and any subsequent activity less severe. 
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TOXICITY OF WATER-SOLUBLE WOOD- 
PRESERVATIVES TO WOOD-DESTROYING 
FUNGI 

P.\' K. ll. Harrow. Plant Diseases Division, Department of 
Scientific and Industrial Research, Auckland. 

Summary 

The toxicity of four water-soluble materials to woocl-clestroying fungi \va.s 
tested by the wood-soil contact culture method of Leutritz. Tests were made with 
Pinus radiala blocks using the following' test fungi: Couiophnra ccrcbelht (two 
cultures'), Lenziies trabea, and Porta vaporaria. 

Loadings of salt in the blocks were expressed as the percentage v.f dry salt in 
oven-dry wood, w/w. A toxicity index expressing the loss in weight of the treated 
block relative to the loss in weight of the untreated block from the same jar was 
calculated, the index being 100 when treated blocks were unrotted, and 0 when 
Ics.ses in weight of treated and untreated blocks were equal. 

Introduction 

Compared with insect attack, fungous decay of timber is a minor 
pro1')lem in New Zealand buildings, being associated with faulty design 
or neglect. However, for some purposes, building timber might with 
advantage lie impregnated tvith preservatives at loadings wdiich are. 
toxic to fungi as well as to insects. Toxicity of a number of materials 
to the common house borer (Anohium pimctatum de Geer ) have been 
reported l»y Spiller (1948a, 1948ft, 1948c, 1948d). Four of the most 
|;>romising of these—i.e., boric acid, sodium fluoride, tanalith, and zinc 
chloride—have now been tested for toxicity to wood-destrojdng fungi, 
u.sing the wood-soil contact culture technique of Leutritz (1946). 

Published data on toxicity of these materials to wood-destroying fungi 
us (letermined by any wood-block method are meagre. Richards and 
Addoms (1947) showed that the toxicity of zinc chloride measured by 
an agar-block method was greater than when measured by a soil-block 
method. Lcncitcs trabea, the only fungus common to the teists of 
Ricliards and Addoms and that described in this paper, was reported to 
cause less than 5 per cent, loss in weight of blocks at a retention of 
0,25 pound of zinc chloride per cubic foot in a soil-block test and no los.s 
in an agar-hlock test. 

Cartwright and Finlay (1946) gave results of a test of the toxicity 
of commercial sodium fluoride against Coniophora ccrchcUa using the 
agar-hlock method, the toxic limit being l)ot\yeen 0.3 and 0‘.4 kilo¬ 
grammes per cul)ic metre. 

Lcuritz’s method was chosen in preference to the British Standard 
(.\noiL, 1939) wood-agar technique in kolle flasks. With the Leutritz 
tedinique, test blocks can be maintained at about fibre saturation point, 
thus virtually eliminating leaching; witli the kolle flask method, l)locks 
frequently became very wet. In addition, there is evidence that rotting 
is more severe with the soU-hlock method than with the agar-hlock 
iiiethod. 

In the te.st, it was desired to use fungi found in New Zealand huild- 
ingSi However, the commonest of these, F.i/Ji'o/>pWa coufiejua (Pers. ex 
: Fr, )^^G H, Cunn., could not be used, .as it would not grow on soil 
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Fig. 1.—A group of jars at the end of the test period, 

culture, and a species of Stcrcum occasionally found in buildings was 
also unsuitable as it caused only four per cent, loss in weight of un¬ 
treated blocks in two months. 

The fungi used in the test were as follows:— 

Coniophora ccrehclk (N.Z. isolation—No. 81), 

C. ccrchella (ex Forest Products Laboratory, Princes Risborough). 
Poy'ia vaporaria (Liese’s Strain ex Forest Products Laboratory, 
Princes Risborough). 

Lcnsitcs trabca (Madison 617. Division of Forest Products. Madi¬ 
son). 

Using these four cultures, a test was set up with each of the four 
materials previously mentioned, at four loadings, each replicated four 
times. A total of 256 jars, each containing one water-treated lilock and 
one salt-treated block was thus required. 

Experimental 
Treatment of Blocks 

Finns radiata wood blocks l-i-in. x 15/16 in. x fin, (fin. along 
grain) were accurately cut to size with a hollow-ground circular saw 
and the rough edges cleaned with sand-paper. After oven-drying at 
105°C., only those which fell into the commonest weight group—viz., 
7.7 to 8.5 gram.s—■w’ere selected for treatment. Prior to treatment, blocks 
were again oven-dried, numbered, and stacked in a dry two-litre beaker 
and weighted to prevent their floating when treated. The beaker was 
placed in a desiccator attached to a “Hyvac" pump and manometer. 
The desiccator was exhausted of air. until the pressure was less than 
2 mm, Hg., and sufficient .solution to cover the blocks adequately was 
then run rapidly into the beaker. The vacuum was released and blocks 
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Fif:. 2—One treated block and its associated check block from each treatment of 
the series exposed to Comophora ccrebclla. 

left submerged for 30 minutes, after which treatment they were \^•ipcd, 
weighed, and held^ on wire trays in a room until air dry. The weight 
of solution alisorbkl by each block was expressed as a percentage of 
tile oven-dry weight of'the block and designated absorption percentage. 
Water check: Ijlocks were treated first, and from their absorption per¬ 
centages the solution concentration required to give the desired salt 
loading was determined, A sample of each solution used was held for 
analysis and the loading of each block was calculated from the solution 
analy.sis and aijsorption percentage. The initial selection of blocks by 
weight reduced variation in the siiecific gravity, with the result that the 
ab.sor|)tion percentage of the treated blocks was fairly constant. From 
each treatment of 24 blocks, it was possible to select 16 which fell within 
the absorption range of 195 to 205 per cent. That the method of treat¬ 
ment used resulted in complete saturation of the lilocks was shown by 
compari.son of weighed absorption with potential maximum alxsorption 


T ABLE I. LOSS IN WEIGHS OP P3aHJS RADIAIA BLOCKS IK 12 WKEKa 
IW TEST AGAIHST C. CEREBSIIA (fBIKCES RISBOROTOH}. MEAWS OP 
gPUR HSPIICAIICMS. 



% 

Eerie acid 
% 

% 

% 

Zinc chloride 
% % 

Loading ^ oven 
dry weight 

0,51 

0.26 

0.14 

1.0 

0.77 

0.40 

Seated 

0.4 

1.6 

19.8 

0 

0.4 

11.4 

Chsclc 

37.1 

38.1 

34.4 

38.4 

37.8 

37.3 


to toilet »«. ioo , I 


100 
1 ’ 
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Ijast'd on void volume of blocks. For example, a block with an oven-dry 
weight of S.l grams and a wet volume of 21.4 cubic centimetres bad an 
absorjition of 16.2 grams of solution. The calculated void volume of 
the block was 16.1 cubic centimetres. 

Luudiii{fs Used in Test 

In a preliminary test of Leutritz technique, boric acid and zinc 
chloride were used as preservatives with C. ccrchclla (Princes Ris- 
borough) as test fungus. From the results (Talde I), it was V)os.sible 
to select a range of loadings which included the toxic point. The range 
of loadings used with tanalith and with sodium fluoride was selected 
by estimation of probable performance. 

The mean loadings in the blocks (percentage of dry salt in oven-dry 
wood, w/w), the solution concentrations used, and the retentions in 
kilograms per cubic metre (calculated from the air-dry block volume 
of 19.56 cubic centimetres, a mean solution absorption of 16.1 grams, 
and solution concentrations) are listed below. 



Loading 

Solution concen- 

Retention 

Salt 

per cent. 

tration per cent. 

kg. per m.' 

Boric acid _ 

...... 0.90 

0.45 

3.7 


0.48 

0.24 

2.0 


0.24 

0.12 

1.0 


0.10 

0.05 

0.4 

Sodium fluoride 

...... 1.04 

0.52 

4.3 


0.51 

0.26 

2.1 


0.26 

0.13 

1.1 


0.12 

0.06 

0.5 

Tanalith 

...... 0.52 

0.26 

2.1 


0.26 

0.13 

1.1 


0.12 

0.06 

0.5 


0.06 

0.03 

0.2 

Zinc chloride 

2.16 

1.08 

8.9 


1.14 

0.57 

4.7 


0.60 

0.30 

2.5 


0.32 

0.16 

1.3 

Note.— 

-1 kg. per m.‘^ 

= 0.06 lb. per ft." 



The solution concentrations of tanalith were based on anal\'ses of 
l)oth sodium arsenate and sodium chromate. 

Preparation of Cidiiires 

Approximately 100 grams of sieved volcanic top soil (moisture con¬ 
tent 28 per cent.) was lightly pressed into 1-pound jam-jars titled with 
metal screw caps. Two strips of pine, 14 in. x 1 in. x 3/16 in., were 
jdaced slightly ajiart on top of the soil to provide liases for test lilocks. 
With lids lightly .screwed down, jars were autoclaved at 12-^ liuunds 
per square inch pressure for one hour. 

4Vhen cool, the jars were inoculated and then held in a room at 
23 ±: 1°C. Cultures were grown for four weeks before test lilocks 
were introduced into jars. All cultures grew well. P. vapor'aria did not 
grow into the soil liut formed a thick mat of mycelium on the surface. 
Blocks of each treatment were placed in a paper bag and autoclaved 
for 30 minutes. When cool, one water-check block and one treated block 
were placed on the strips in each jar. Lids were screwed down tightly 
and jars were returned to the temperature-controlled room at 23'’C. 
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After 14 weeks, blocks were removed, lightly brushed free of adhering 
inycelinm, weighed, oven-dried, and reweighed. Fig, 1 shows a group 
of jars at the end of the test period. 


Results 

The results of the test ai'e shown as loss in weight perceiHag'e.s in 
Table II and as toxicity indices in Table III. The index was calculated 
from the following formula-.— 

% loss in weight of check block — % toss in weight of trc'ated block 

100 -^^-:-^- 1 _ 

% loss in weight of check block 

In Fig. 2 are shown one treated block and its associated check block 
from each treatment of the series exposed to C. ccrcbclht (Princes Ris- 
borough). The mean moisture conteirts of unrotted treated blocks are 
^hown in Table IV. 

Discussion 

Examination of mean weight loss of check blocks (Table II) shows 
that the different fungi caused, different degrees of rotting. It is of 
ipterest to note also that, with all fungi, the losses in weight in check 
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IN Wood 

Tms. iy,..ME^MOISTTgtB CpmT_g 

OF PNROTm) BLOCKS AT KND OF TEST 


Salt 

Boric acid 

Sodium 

fluoride 

Tanalith 

Zinc chloride 

Loading % 

0.90 

0 . E 8 

1.04 

0.52 

2.16 

1.14 

% Moisture content 
Ro. of blocks 

30 . 3 + 1.1 

16 

28 . 6 + 0.1 

10 

49 . 5 ±. 4.8 

15 

30 . 9 + 1.4 

7 

49 . 0 + 4.2 

15 

40 . 0 + 3.1 

7 


blocks of the sodium fluoride and tanalith series were greater than in 
check blocks of the boric acid and zinc chloride series. Blocks with 
lowest loadings of sodium fluoride and tanalith were also more severely 
rotted. 

The toxicity index in Table III corrects for variation in decay between 
jars, and is a better basis for comparison of treatments than loss in 
weight percentages of treated blocks. The index removes differences in 
rotting potential, but not differences due to resistance of different fungi 
to preservation, such as showm by P. vaporaria to zinc chloride, and 
L. trabea to tanalith. 

It is unfortunate that the range of loadings chosen for tanalith was 
too low to include the toxic limit. With the top loadings of both sodium 
fluoride and zinc chloride, only one block in each case was attacked. 

The results indicate that with the fungi and culture technique used, 
the to.xic loading of boric acid is betw^een 0.5 and 0.9 per cent., of sodium 
fluoride about 1.04 per cent., of tanalith more than 0.52 per cent., and 
of zinc chloride about 2.16 per cent. 

For preservation of building timbers wdiere the leaching hazard 
should be negligible, results of toxicity tests, together witli information 
on the distribution and net absorption of preservative obtained liy difl'er- 
ent treating methods, can be used directly as a basis for recouunended 
treatments. 

The data in Table IV show the effect of salt treatment on the moisture 
content of Ijlocks. It is not known wdiether these differences in moisture 
content affect the response by fungi to preservatives. 
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THE MOLLUSCAN FAUNA OF THE FIORDS OF 
WESTERN SOUTHLAND 
(A Report of the New Golden Hind Expedition, 1946) 
ijy C. A. Fleming, Xew Zealand Geological Survey, Department of 
Scientific and Industrial Research, Wellington. 

Summary 

A chtck-list of the marine f.hellecl mollusca of the Fiords of Western Southland 
biised on collections of the New Golden Hind Expedition (1946) comprises 342 
species, many of which have not previously been recorded from the area. Ecological 
factors, bottom communities, and the affinities of this molluscan fauna are briefly 
discussed. 

Introduction 

lluring the course of the expedition of the Department of Scientific 
and IndiLStrial Research to the fiords of Western Southland in February, 
1946, 84 bottom samples were collected, mainly by Mr. H. W. Wellman 
(of the Geological Survey ) and Mr. C. S. Wright (of the Soil Research 
Bureau). The samples were obtained from depths of 2 to 73 fathoms 
with a small Petersen grab, the property of the Fishery Research 
Laboratory of the Marine Department, operated by hand from the ship’s 
dinghy. The samples came from Preservation Inlet, Chalky Sound, 
Dusky Sound, Breaksea Sound, Daggs Sound, and Douljtful Sound, 
and their various branches. The Nctv Golden Hind did not visit more 
northerly sounds in 1946, but an additional sample, obtained from 34 
fathoms at the entrance to George Sound from the New Zealand Gov¬ 
ernment steamer Matai in 1935, has been made available by Dr. P. 
Marshall. Members of the Ncn' Golden Hind party made a number of 
beach and littoral collections of mollusca which are also considered in 
this paiier, Init the dredged material has provided the bulk of the species 
on the faunal list. 

In the Manual oj Neto Zealand Mollusca (1913 ), H. Suter recorded 
some 56 species of mollusca from the southern fiords, and of these six 
were originally described from that area. The mollusca from two 
samples dredged from 100 fathoms and 170 fathoms off Puvsegur Point, 
collected by a private scientific party which visited the ^unds in the 
Rakiura in December. 1908, were described by Powell (1927) : 97 
species were listed, 22 of tliem new to science, and all but 10 of them 
additional to those recorded by Suter. Since then Powell has added six 
further new species described from the sounds (1935,1939, 1946a). From 
the coast of the south-west portion of the South Island, an area defined 
for convenience as extending from Puysegur Point in the south to 
Milford Souncl in the north, some 150 species have hitherto lieen re¬ 
corded. The Xezo Golden Hind material enables jiresentation of a H.st 
species of mollusca from this, region, which may coiivenieiitlv he 
referred to as "Fiordland.” ' 

Of the 84 Nezo Golden Hind bottom samples, only 40 have so far 
been examined in detail for mollusca, so that addition'al records are to 
be -expected; Nevertheless, the samples examined fairly represent the 
range of localities and depths covered by the complete series, and the 
accompamnng check-list is offered as a basis for future additions, and 
to allow of tentative analysis of the nature of the, molluscan fauna of 
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Fiordland. Some systematic topics arising froin examination of the 
collections have Ijeen published elsewhere (Fleming, 1948). 

In the check-list, the nomenclature follows, in general, that of Powell's 
Check-list of Ncte Zcuhind MoUiisca {Shellfish of Nciv Zealand, 2nd 
ed.. 1946b, j)]). 55-100): comment on some minor variations uill be found 
in a ])revious paper ( Fleming. 1948). Pcctcn tiovitcsclandiac, Hunkyduni 
a. nui’oacJanciica {= transenua), and Micrclcnchus caclains ( = san¬ 
guineus of authors) are the subjects of nomenclatural notes in a paper, 
■'Some Australasian Alullusca in the British Museum, Natural Hi.story.” 
sulmiitted to the Trans.Roy.Soc.N.Z. One point may be noted: where 
a polyt}-]nc species—i.e., one in which subspecies have Ix-en describixl-r- 
is listed hinomially. this implies that the subspecies has not Ijecn deter¬ 
mined, and not that the nominate subspecies is identified. 

Check-list of the Mollusca of Fiordland 
Pelecypoda ; 

Solcinya (Zcsolcinya) fiaikinsoni TL. A, Smith. 1874 (S, N.G.H, 57), 

Rnciila harfrigiana Pfeiffer, 1864 (S,P, N.G.H. 3, 25, 44. 51, 54, 55, 
58,75). 

yucitla niHdula A. Ad., 1856 (G, N.G.H. 34. 35, 37, 40. 41. 43, 53, 
63. 67, 75). 

Nuciila castanea A. Ad,, 1856 (S, N.G.H. 80). 

Nuciila ditiiedinensis Finlay, 1928 (N.G.H. 24, 80), 

Nucuk iifi.gaUinacea Finlay, 1928 (N.G.H. 39, 46, 52, 80, 82). 

Pi’onucifla lenttis Powell, 1927 (P,G. N.G.H. 34, 81). 

Kiiculana (Saccella) bellula (A. Ad.. 1856) (S, N.G.H. 25. 34, 35, 
37, 44, 45, 46, 49, 51, 52. 54. 55. 65. 80, 81. 82, 83). 

"Ot^aleda" luuuiltoni (Powell, 1935) (N.G.H. 37, 39, 46, 52, SO, 81, 
82). 

yitcinclla niaoriana (Hedlev. 1904) (S,G, N.G.H. 1, 2, 3. 39. 41, 46, 

51.52.58.75.80.81.82.83) . 

Poroleda lanccolata ( Hutton, 1885) (S, N.G.H. 52). 

Xcilo aitsiralis (Q. & G., 1835) (N.G.H. 1. 23, 25, 44, 45, 84). 

Austrotindaria xeriqliti Fleming, 1948 (N.G.H. 39. 52). 

Mania aelandica (Grav. 1843) ( S.P.G, N.G.H. 2, 3, 35, 37, 39, 40, 
50, 57. 58, 6l 75! 81. 83). 

Bailnarca cvhaea (Hedlev. 1906) (N.G.H. 3. 37. 39, 46, 51. 81, 82). 

Area nuz'acscalandiac Sniith. 1915 (N.G.H. 39, 49. 50, 57. 58. 63, 

67.75.80.82.83) , 

Grandaxinca Uiticostata (0. and G,, 1835) (N.G.H. 54, 58. 67). 

Glycynientla inodesta (Angas, 1879) (G, N.G.FI. 24, 35, 49, L.2, 6). 

Lissarca sfafionis Fleming, 1948 (N.G.H. 81). 

Ausirasarepfa irafycsimi {BGriVcird, 1897) (P, N.G.H, 76, 80, 81). 

Ausfrusarefila harrisomw ( Powell, 1927) (!’. G, N.G.FI, 2, 24, 34. 
40, 63, 65, 67, 76. 80. 81, 82, 83). 

HoehsieUcria niclcagnmi Bernard, 1896 (P.G. N.G.FI. 2. 63. 80). 

Uochsleftcria nwdiulus (Siiter. 1913> G, NCG.Ii. 2. 24, 67, 76, 80, 82, 
83). ' 

Cosa Ciisiuta (Bernard. 1896) (P.G, N.G.H. 2, 25, 40, 63. 67,.75. 80, 

82.83) . 

Cosa fillwli (Bernard, 1897) (G, N.G.H. 2, 63, 67, 80, 81, 82). 

Pen iciina taxddonia Bernard, 1897 (G). 

Perrierina fierstriata Fleming, 1948 (N.G.H. 65. 80). 

Perrierina georymna Fleming, 1948 (G, N.G.FI. 2, N.G.H. 40, 65). 
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Perrierina matm Fleming. 1948 (G, N.G.H'. 76). 

Cvainiomactra prohlematica Bernard. 1897 (P.G. N.G.PI. 2. 24. 40, 

54. 80). 

Mylilus plamdatus Lam., 1819 (N.G.H. 2, 13). 

Aulacomya niaoriana (Iredale, 1915) (N.G.H. 2, 50, 57. 63, 80, L. 3, 
9,15). 

Modiolus aei'olatus (Gould, 1850) (N.G.H. 57). 

Modiolus ncoselanicus (Iredale, 1915) (N.G.H. 57, 80). 

Modiolaria iiupacta (Hermann, 1782) (N.G.H. 57, L. 12). 
Trichomusculus harhatus (Reeve, 1858) (N.G.H. 40, 67). 

Bacrydiuiii pclscuccri Hedle\L 1906 (P). 

Pcctcn uovacsiclaudiac new subspecies (N.G.H. 25, 43, 50. 53, 56. (^7, 
L. 1, 8). 

Chlawvs mdiata (Hutton, 1873) (S, N.G.H. 2. 3, 25. 35. 37, 39. 45, 
46, 57, 83 ). 

Clilauiys suprasilis crepusculi Fleming, 1948 (N.G.H. 45, 49, 57, 58). 
Chlaiiiys celafor Finlay, 1928 (N.G.H. 49). 

Pallium (Mcsopcplum) convexuni (O. and G., 1835) (S. N.G.H. 2, 
25.49,50). 

Cvclopectcn (Cyclochlamvs) transcnuus (Suter, 1913) (G. N.G.H. 
40,46,67.76,80,81). 

Cyclopecfen (Cyclochlamys) cf. aiipouria Powell, 1937 ( N.G.PI. 80). 
Cyclopcctcn (Cyclochlamys) cf. sccundus Finlay, 1926 (N.G.H. 46). 
Lima aclaudica Sowerbv, 1876 (S, N.G.H. 49, 57, 58, 59, 65, 75). 
Limatula maoria Finlay, 1926 (P,G. N.G.H. 2, 3, 25, 35. 39, 46. 49. 

55, 75, 80, 81, 83). 

Limatula sufcri (Dall, 1908) (N.G.H. 3, 67). 

Promantcllum murrayi (E. A. Smith, 1891) (P). 

Kiddcria marshalU Fleming, 1948 (G). 

Kiddcria aupouria fiordlamiica Fleming, 1948 (G, N.G.H. 40, 65). 
Costokiddcria cosfafa (Odhner, 1924) (N.G.H. 2, 24, 80, 81, 83), 
Costokiddcria n..sp. (G, N.G.PI. 65, 82). 

Cuna laijiicus Finlay, 1926 (S,P, N.G.H. 67). 

Ciiiia carditclloidcs Suter, 1907 (N.G.H. 51. 82). 

Hamacuna otagocnsis (Powell, 1927) (P). 

Hauiacmia gihbosa (Powell. 1937) (N.G.H. 54). 

Cardiia aoicaua Finlay, 1926 (N.G.H. 2. 3, 24. 25. 34, 36. 39, 40, 41, 
49, 50, 57, 58, 63, 67, 75, 82, L. 6, 7). 

Ix'iici'icardia pin purata (Desh., 1854) (P, N.G.H. 2, 45, 49, 53, 57). 
Plcuromcris aclandica (Desh., 1854) (N.G.PI. 3, 25, 35, 36. 37, 39, 
44, 45, 46, 52, 54, 55. 57. 58, 65. 75, 82, 83, 84). 

Plcuromcris marshalU Marwick, 1924 (P, N.G.H. 3, 34, 36, 39). 
pcriicopronus mviilus H'edlev, 1904 (G, N.G.H. 2, 24, 40, 53. 67, 76, 
80,82.83,1,1.7). 

Condylocardia cuuccutnca Bernard, 1897 (P, N.CJl.H. 81 ). 
Condylocardia crassicosta Bei'nard, 1896 (P, N.G.II. 37, 53). 
Condylocardia pcctinata cluUhanicnsis Vowell, 1933 (G). 

LUvariccUa cumiugi (Ad. and -Ang., 1863) (N.(j.H. 23, 25. 34, 35, 37, 
44, 45, 52, 53, 54, 56, 57, 58, 67, 80, 83, 84, L. 2). 

Taras (Zcmysia) celandica (Gra,y, 1835) (G, N.G.H, 35, 54, 67). 
Taras (Zemysma) ^/oh».y Finlay,. 1926 (N.G.H. 25,41). 

Thyasira peroniana pcrcgrina Iredale, 1930 (S, N.G.H. 25, 34, 41, 
' 43, 44, 45, 50, 52, 57, 58, SO). - 
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Maoritlixas iiiarama Fk-iiiin^, 1950 (N.G.H, 1, 25, 34. 41. 45, 50. 52, 
53.'75. 80). 

(icnaxiints oUujucns'is (Siiter, 1913) (S, N.G.H. 3, 37, 54. 57. 67). 

Lasaea rossiana iutanehai Fleming, 1948 (G, N.G.H. 2, 41, 59, 63, 
67, 75. SO. 83, L. 7). 

Lasaea hUiemoa Finlay, 1928 (N.G.H. 24, 53), 

Pachykcllia edxvardsi Bernard, 1897 (P). 

Padiykcllia caneetiiilca Powell, 1927 (P). 

Pachykcllia hcrnard'i Powell, 1927 (P). 

Pachykcllia rotunda Powell. 1927 (P). 

Puysc(/uria cuiicata Powell, 1927 (P, N.G;H. 76). 

Pitysajuria procjuata Powdl, 1927 (P, N.G.H. 76). . 

Mellifcrx.Y parva ( Desh., 1856) (S,P,G, N.G.li. 3. 24, 34. 39. 40, 41, 
44,'46, 51, 52, 58, 67, 80. 82, 83). 

Mysclla hciiryi Fleming, 1948 (N.G.H. 34). 

Mysclla nnidcntata (Odhner, 1924) (P, G, N.G.H. 2, 24, 34, 35, 39, 
81). 

Rochefortula rcnijormis (Suter, 1908). (S, G, N.G.H, 2, 34. 39. 80). 

Rochefortula decapitata Powell, 1939 (G, N.G.H. 2, 35, 54, 80). 

Rochefortula taieriensis VaweW, 1939 (N.G.H. 2). 

Notolepton anHpodtim (Filhol, 1880) (N.G.H. 2. 45. 46, 63, 75. 76, 
80,82,83). 

Notolepton sanguincuni (Hutton, 1883) (P,G, N.G.H. 35, 58. 65. 67, 
81). 

Scintilloua aelandica (Odhner, 1924) (N.G.H. 37, 41, 43, 45). 

Tellinclla etigonia (Suter, 1913) (N.Ci.H. 45, 80). 

Macouiona lilliana (Iredale, 1915) (N.G.H, 56. L. 9). 

Angiilus (Pcronidca) cdgari (Iredale. 1915) (N.G.H. 25, .54). 

'Tellind' hittoni (E. A. Smith, 1885) ( S, N.G.H. 23, 25, 44. 45. 46, 
50,52,54.56,84). 

Zearcopacjia discitlits (Desh., 1855) (N.G.H. 53, L. 4, 11). 

Lcptoniva rctiaria (Hutton. 1885) (N.G.H. 23. 25, 34, 41. 43. 45, 57. 
82). 

Amphidesma (Taria) forstcriana Finlay. 1926 (L. 6). 

Amphidcsnia (Paphies) australc (Gmelin, 1791) (N.G.FI. 1, 3. 23, 
56, L. 2, 4, 13). - 

Mactra discors Gray, 1837 (S. L, 10). 

Longimacira clongata (Q. and G., 1835) (N.G.H. 2, L. 1). 

Scalpomactra scaipellum (Reeve, 1854) |P,G. N.G.H. 24. 35. 40. 46, 
51, 52, 54, 55, 65, 67, 76, 84). 

Dosinia (Kcrcia) grcyi Zittel, 1864 (N.G.H. 25, 44, 45, 84). 

Nofocallista multistriata multistriata (Sowerbv, 1851) (S, N.G.H, 3, 
25, 44, 45, 46, 49. 52, 54, 55, 58, 65, 75,'84). 

Dosimila :;e}andica (Gray, 1835) (N.G.H. 25, 49). 

Taxocra spissa (Desh., 1835) (S,P, N.G.H. 3, 23, 24. 25, 34, 35, 36. 
39, 41,43, 44, 45. 49, 52, 53, 54, 56, 57, 58, 63, 67. 75. L. 2, 3,4). 

Chionc (Aiistrovcnus) sfutchburvi (Gray, 1828) (N.G.PI. 23, 44, 56, 
L. 9, 10, 13). ■ . 

Protothaca (Tuamjia) crassicosfa ( Desh,, 1835) (L. 2, 9, 10). 

Paphirus hmjillicvti (Philippi, 1849) (N.G.FI. 82, L. 2, 4), 

Nofirus lepcxus (Gray, 1843) (N.G.FI, 39). 

Nemocardium piikhelhim (Grav, 1843) (S,-N.G.H. 1, 2, 3, 25, 34. 

35,37.39,45,46,49,52,55.80,82). 

Gari sfangeri (Gray, 1843) (N.G^K 2,^34, 53, 63, 80, ,L. 4, 12), 
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Gari lineolata (Gray, 1835) (N.G.H. 54, L. 1, 2). 

AscitcUina urinotoria ( Suter, 1913) (P,G, N.G.FI. 24, 40, 55, 63, 67). 
Solctcliina siliqua Reeve, 1857 (Sj. 

Notocorhula (Anisocorhnla) selandica (Q. and G., 1835) ( S, N.G.H, 
3). 

HiateUa austraMs (Lam.. 1818) (G, N.G.H. 2, 23, 24. 35, 39, 40, 65, 
67, 80, 81). 

E.rwuothracia vitrca (Hutton, 1873) (N.G.H. 2, 3, 24, 25, 84), 
Parvithracia siitcH Finlay, 1927 (N.G.H. 35, 46, 81, 82, 83). 
Alvadora antipodum (E. A. Smith. 1880) (S. N.G.H. 2. 3, 25, 34, 
37. 49. 50, 52, 54, 55, 63, 80). 

Myadora hiconvcxa Powell. 1927 (P). 

Myadoi'a striata |Q. and G., 1835) (N.G.H. 45, L. 2, 6). 

Myadora subrosfrata E. A. Smith, 1880 (G, N.G.H. 35, 39. 46, 63. 
65, 75, 80, 82). 

Hunkydora australica novosclandka (Reeve, 1859) (N.G.H. 45, 67). 
HaViris (Sctaliris) setosa (Hedley, 1907) (N.G.H. 3, 81). 

Cuspidaria fairchildi Suter, 1908 (N.G.H. 80). 

Citspidaria trailU (Hutton, 1873) (S,P, N.G.H. 45). 

Cuspidaria zAUetti Fleming, 1948 (N.G.H. 25). 

Austroneacra n.sp. (N.G.H. 49). 

Austroneaei'a zccllmam Fleming, 1948 (N.G.H, 34, 44). 

Gasteropoda: 

Scissuirlla stcllac Fleming, 1948 (N.G.H. 34, 41, 53). 

Schi:::ofrocltus rcgiits (Me.stayer, 1926) (N.G.H. 2, 3. 35. 39, 49, 75. 
SO. 81, 83). 

Schiaotrochiis mautcUi (Woodward, 1859) (P, N.G.H. 2, 80). 
Scissiirona rosea (Hedley, 1904) (N.G.H. 39, 41, 80, 81). 

Sincnona laevicjata (Iredale, 1908) (G, N.G.H. 2, 76, 82). 

Scliisiiiopc iota Finlay, 1926 (P). 

Schisiiiope laquciis Finlay, 1926 (P,G). 

Sckismopc lyallcnsis Finlay, 1926 (P,G, N.G.H. 39). 

Haliotis iris Martyn, 1784 (L. 4). 

JJaliotis australis Gmelin, 1790 (L. 4). 

Haliotis vir(/inea virginca Gmelin, 1790 (N.G.H. 63, L. 4). 

Incisura lyitcltoncuxis (Smith, 1894) (G, N.G.H, 34, 80, 81). 
Euiarqinula sfriatuhi (O. and G., 1^34) (P, N.G.H. 25, 37, 43, 49. 
57.58,75,80,81,82). 

Tiigali suicri siithcrlaudi Fleming, 1948 (N.G.H. 41, 63). 
Puncliirella (Vacerra) deiuissa (Hedley, 1904) (P, N.G.H, 36. 80). 
Monodilcpas monilijcra (Hutton, 1873) (P). 

Coelotrochus tiaratus (O. and G., 1834) (N.G.FI. 34, 39, 41, 43, 45, 
53, 56). 

Tlwrista viridis (Gmelin. 1791) (N.G.FI. .34, 36. 41, 43, 53. 57. 58. 
67, L. 3, 4. 12). 

Thoristclla chaihaincnsis hcuthicola Finlav, 1926 (N.G.H. 34. 45, 53, 
57, 63). . ' ■ ' 

Thoristclla chathamensis chathaihcnsis (Piutton, 1873) (S, N.G.H. 
39). 

Mclagraphia actliiops (Gmdivi, 1791) (N.G.H. 34, L. 6, L. 7, 10, 12, 

. is). , . 

Finlay^ 1926-(S, L. 1, 6, 7), 
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Zcdiloma iHgiia Finlay, 1926 (L. 9). 

Zcdiloina (FiactarunUa) corrosa sebrimi IMwell, 1946 (N.G.T-T. 84, 
L. 7. L. 10, 13). 

Zcdiloma (Fractarmilla) atrovircns (Philippi, 1851) (L. 15). 
Zcdiloma (Fractarmilla) niorio (Troschel, J851) (S). 

Cavod'iloma coracina (Philippi, 1851) (L. 7). 

Anisodiloma lugttbris Icnior Finlay, 1926 (L. 1, 7, IS), 

CantharidHs opalus opalus (Martyn, 1784) (S, L. 4). 

Micrclciichus caclatiis caidatiis (Hutton, 1884) (P), 

Micrclcuchus caclatus bahcn Fleming. 1947 (N.(j.T4. 2, 25, 34. 36, 
39, 43, 75, 80). 

Micrcicm'liits micaus (Siiter, 1897) (S, N.G.H. 36. 57, 80). 
Mici'clcucbits dilaiatus (Sowerhy, 1870) (N.G.H. 34, .53), 
Micrcicncliii.': parciFicfits Powell, 1946 (N.G.H, 34, 43). 

Micrchvu'hus tcncbrosiis (A. Adams, 1853) (N.G.H. .34, L. 10). 
MargarcJIa puysegurcusis Powell, 1939 (N.G.H. 24, .39, .50). 
J'\'nustas punctidafa iirbanior Finlay, 1926 (N.G.H, 49, 57). 
Venusias piinctulata ampla Powell, 1939 (L. 4, 12), 
f\viitstas pcUucida (\’’allenciennes, 1846) (N.G.H. 57). 

Zcthalia sclandica (A. Adams, 1854) (L. 2, 6), 

Antisolarium cgcnum (Gould, 1849) (G, N.G.H. 24, 25, 34, 41, 45. 
54). 

Loddcrcna nana pooki Fleming, 1948 (N.G.H, 2). 

Liotella rotiila (Sitter, 1908) (P. N.G.H. 2, 76, 80). 

Liotclla poly pleura (Hedley, 1904) (N.G.FI. 2). 

Lodderia cuinorpha (Suter, 1908) (P). 

Zalipais bcntliicola Powell, 1927 (P). 

Cirsonclla acccllcians Fleming, 1948 (N.Ci.H, 53). 

Lissotesta errata Finlay, 1926 (P). 

Lissotesta bcntliicola Powell, 1927 (P). 

Conjcctiira glalmlla (Murdoch, 190.5) (S, N.G.H. 34, 63, 80, 82). 
Orbitcstclla hinctuoa. Me.stayer. 1919 (P). 

Argalista umbilicata Powell, 1926 (P). 

Argalisfa fluctuata (Hutton, 1883) (P. N.G.H. .34, 35. .39, 41, 43, 
57,58,67,80),. 

Argalista crassicostaia (Murdoch. 1905) (N.G.PT. 67), 

Litnella smaraqda (Martvn, 1784) (L, .3, 6). 

ModcHa gramsa (Martyn, 1784) (S, N.G.H. 25, .34, 35, 41, 50, .57, 
63. 67, L. 2, 3. 4, 6, 7, 9). 

Astraca licliotropium (Martvn, 1784) ( N.G.H. .34, 35. 49, 57. 58. 63. 
75, L. 3, 5). 

Cookia sulcata (Martvn, 1784) (N.G.H. 57, L. 4, 6, 9). 

Notocratcr craiiculata. (Suter. 1908) (S,P, N.G.H. 3, 40, 58, 80). 
CoccuHmi ccrvac Fleming, 19d8 (N.G.H. 3, 39, 52, 58. 75, 80, 83). 
‘'Cocculina'’ n..sp (N.G.H, ,3. 35, .58. 75, 80. 82. 83 . 84). 

Patclloida corficata (Plutton, 1880) (N.G.H. .34. 39, 40, 5.3, 54, L. 6, 
7, 1.5). 


Astcracmea siifcriA^Tediik, 191.5) (S,G, N.G.H. 24, 34, .36, 39, 40 
41. 67. 76, 80). ■ ^ 

Rgdiacmea inconspicua (Gray, 1843) (N.G.H. 24, 50, 57, 63, 80 
Notnmnnca^fPar^^^^ daedaki (Suter, 1907) (G, N.G.H. 24, 34 
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Notoaanoa (Conacmea) parviconoidca (Sutef, 1907) ( N.G.H. 1, 24. 
63, L. 7, 9). 

Notoacniea pileopsis stitnius (Hombr. and Jacq., 1841) N.G.H. 57, 
80). 

Atalaciuca jrag^Uis (Sowerby, 1823) (G, N.G.H. 40, 41, L. 15). 
CcUana radians (Gmelin, 1791) (L. 6, 9). 

Ccllana stall if era (Gmelin, 1791) (L, 3). 

Ccllano redhuicuhini (Reeve, 1854) (L. 4). 

Ccllana ornata (Dillwyn, 1817) (L. 6). 

Ccllana sp. (N.G.H. 63, 80). 

Melarhaphc olivcri Finlav, 1930 (N.G.H. 80). 

Mclarhaphc cincta (Q. and G., 1833) (N.G.H. 41. L. 2, 7, 10). 
Maci]naricUa auchlandica Powell, 1933 (N.G.H. 80). 

Zclaxitas finrdlandica Fleming, 1948 (G ). 

Zclaxitas rissoafonnis Powell, 1939 |G). 

Rissclopsis varia (Hutton, 1873) (G, N.G.H. 34, 41, 80, L. 7). 
Zcradina (Radinista) corriigata (Hedley, 1904) (P), 

Suhonoba fovcauxiana (Suter, 1898) (S,G, N.G.H. 4), 

Subonoba fumata (Suter, 1898) (S,G, N.G.H, 24, 34, 39, 41, 53, 58, 
80). 

Subonoba insodpta (Murdoch, 1905) (S, N.G.H. 80), 

Estea subfusca (Hutton, 1873) (S.,P. N.G.H. 2, 34, 39, 41, 43. .52, 

53, 54, 57, 58, 80. 83, L. 7). 

Esfca I'ufoapicta (Suter. 1908) (P). 

Scaloj’onoba costota Powell, 1927 (P). 

Hoitrakia huttoni (Suter, 1898) (P, N.G.H, 65, 67, 80). 

McrcUna plaga Finlav, 1926 ( S,P,G, N.G.H. 24. 34. 39. 41, 43. 53. 

54, 58. 63, 67, 76, 80, 81, 82, L. 7). 

Anabathron faliatuni (Suter, 1908) (N.G.H. 80), 

Lincnicra gradatoides Finlay. 1930 (N.G.H. 46, 52, 82, S3). 

Nobolira cf. finlayi Powell, 1930 (N.G.H. 2). 

Nobolira hincmoa Fleming. 1948 (N.G.H. 80). 

Lironoba siitcri (Hedley, 1904) (P, N.G.H. 67). 

Notosctia simplex (Powell, 1927) (P). 

Noloscfia porccUana (Suter, 1908) (P). 

Notosctia lanipra (Suter, 1908) (P)- 
Notosctia hcnthicola Powell, 1927 (P). 

Notosci-la infccta (Suter. 1908) (P, N.G.H. 2, 80). 

Notosctia lubrica (Suter, 1898) (P). 

Notosctia inicrostriata (Murdoch, 1905) (P). 

Notosctia vcrccunda (Suter, 1908) (P, N.G.H. 57). 

Notosctia nconclanica (Suter. 1898) (P,G, N.G.FI. 2, 39, 58, 63, 80). 
Notosctia rctusa Powell, 1927 (P). 

Notosctia stcu’urtiana (Suter, 1908) (P). 

Scrobs cf. clongatus Powell, 1927 (P). 

Epigrus siriatiis I’owell, 1927 (P). 

Dardanula roseola Iredale, 1915 (S,P, N.G.PI. 24, 34, 36, 39, 41, 53, 
58, 76, 80). . 

Dardanula limhata (Hutton, 1883) (S, N.G.H. 34, 35, 41, 58). 
Dardanula. olivacca (Hutton, 1882) (N.G.H. 24, 41, 43, 53, 57, 58, 
■ • 80). ; 

Brooksena suedneta (Suter, 1908) (P). 

Rdssoina cJiatliamcnsis (Hutton, 1873.) (G. N.G.FI, 34, 36, 39, 41, 50, 
53, 57, 58, 63, 80, H. 7). 
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Potauiopyrgus antipodiim (Gray, 1843j (N.G.H. 1, 56, 84). 

Specula stylifonnis (Suter, 1908) (P). 

Specula (lissiiiiiHs (Suter, 1908). (P). 

Specula odhiieri Powell. 1927 (P). 

Sitiidaya tubcrculafa PoweW, 1927 (P). 

Zaclys sorissa (Murdoch, 1905) 57). 

Xofosiuisler (Caufor) luteus (Suter, 1908) (P, N.G.H. 80). 
Notosiuister (Tcrctriphota) Inittom (Suter. 1908) (P). 

Notosinister jascelinus (Suter, 1908) (N.G.H, 80). 

Caecum dicjihilum Hedley, 1904 (P. N.G.H. 41). 

Maoncolpus roscus (O. and G., 1834) (S, N.G.H. 25. 34, 41, 43, 45, 

49, 50, 53. 57, 5^67, L. 2, 3, 4, 9, 11). 

Sfiracolpus aflf. s\)umctricus (Hutton. 1873) (N.G.PI. 3. 25. 44, 45, 
46, 52. 54, 55, 56, 57, 58, 63, 65, 67, 75, 80. 82). 

Stnithiolaria papulosa gic/as Sowerby, 1842 (N.G.H, 34). 

Zeacrypta mono.vyla (Lesson, 1830) (N.G.PT. 45, 52), 

Sign patella novacaclandiae Lesson. 1830 (G, N.G.H. 50, 55, 63. 80. 
L. 7). 

Zcgalcrus tenuis (Gray, 1867) (N.G.H. 1. 25). 

Tanca sclandica (Q. and G., 1832) (G, N.G.H. 56. 80, 82, L. 2). 
Uherella vitrea (Hutton. 1873) ‘(P, N.G.H. 25, 34, 39. 41,43, 45, 46, 

50, 53, 55, 80). 

Laniellana ophionc Gray, 1850 (N.G.H. 80), 

TricJiasirius aff. cawtocarimtiis (Laws, 1940) (G, N.G.H, 49, 80). 
Argohuccinum tumidum (Dunker, 1862) (L. 4, 10). 

MurdochcUa alaccr Finlay, 1926 (P). 

Zcrotnla hicannata (Suter. 1908) (P). 

Zerotula nautilifonnis Powell, 1927 (P ). 

Chemnitsia scalandica Hutton, 1873 ( P). 

Chcinnitzk sp. (N.G.H. 24. 25, 57). 

Linopyrga rugata (Hutton, 1886) (P). 

Bcsla suhrugata (Powell, 1927) (P). 

Odostouiia piidica Suter, 1908 (G. N.G.H. 3, 67). 

Agatha georgiana (Hutton, 1885 ) ( N.G.H, 34. 57, 58, 63). 
Eulimelia sp. (N.G.H. 23, 34). 

Balds ofagoensis (Powell, 1927) (P). 

Austrnmitra- ruhigiiwsa (Hutton, 1873) (N.G.H. 34, 36, 41, 43, 53). 
Bucdnuluui (Euthrena) strebeli cxsculptitiii Powell, 1929 (S, N.G.H. 
63, L. 10, 14, 15). 

Austrnfusus glans subsp. (N.G.H. 49). 

Eucominia nassaides foveauxana Poivcll, 1946 (N.G.H. 3). 
Eucominia nassoides haroldi Powell, 1946 (S, N.G.H. 25, 34, 67, 
L. 3, 11). 

Fax powlli Fleminsr, 1948 ( S. N.G.H. 2. 34, 55, 80, 81, 84 ). 

Poirieria selandica (O. and G, 1833) (N.G.tT. 25, 39). 

Zcatrophon ambiguus (Philippi, 1844) (N.G.PI. 34). 

Zcatrophon aff. caudalwiis F’inlay., 1930 ( N.G.PI. 34). 

Zcatrophon aff. pulchcrrinnts F'mhy, 1930 (N.G.PI. 80), 

Lenitrophon convexus (Suter, 1909) (N.G.H. 80). 

Xymenc plchejus (Hutton, 1873) (N.G.H. 80, L. 7). 

Axymcnc pumilus (SuXtr,, \W9) (P). 

Axymene aff. corticafus (Hutton, 1873) (N.G.H. 34. 53, 57, 67, 82, 
.' L. 7).' . ■ ■ .. . 

nu'to (Murdoch, 1905) .( 
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Tercfundus ci'ispulatus (Suter, 1908) (P, N.G.H. 37, 39, 83). 
Tcrcfundits ii..sp. (N.G.H. 39, 83). ^ 

Tci'ejundus (Minortrophon) crassiliratiis (Suter, 1908) (P). 

Lcpsia haustrum (Martyn, 1784) (L. 6, 7, 9). 

Lcpsifliais sqiuunatus (Hutton, 1878) (N.G.H. 2, 63, L. 4, 6, 7, 15). 
Zcadmctc trailli (Hutton, 1873) (P). 

Zeniitrclla sulcata (Hutton, 1873) ( N.G.PI. 43, 67). 

ZcmitrclUi chuava (Reeve, 1859) (N.G.H. 34, 41, 43, 45, 67, 80). 
Zcuntrclki cf. jinlayi Powell, 1933 (N.G.H. 2, 24, 36, 80). 

Pa.vula Icptalca (Suter, 1908) (N.G.H. 80). 

Liratilia conquisita ncsturis Fleming, 1948 (N.G.H. 47). 

Liratilia angidata (Suter, 1908) (N.G.H. 53). 

Microvoluta biconica (Murdoch and Suter, 1906) (N.G.H. 39, 46, 
49, 54, 63). 

Baryspira (Pingirispira) souililandica Fleming, 1948 (G, N.G.H. 54). 
Marginclla- albescens Hutton, 1873 (P, N.G.H. 25, 34, 41, 45, 80). 
Marginella stciaartiana Suter, 1908 (P). 

Fenestrosyrinx nexilis recens Fleming, 1948 (G, N.G.H. 39, 52, 55). 
Fenestrosyrinx gratiosa Suter, 1908 (Pj N.G.H. 51, 52, 80), 
Aoteadnliia zvanganiiicnsis chordata (Suter, 1908) (N.G.H. 46, 55, 
63). 

Splcndrillla aoteana Finlay, 1930 (N.G.H. 46, 63). 

Neoguralcits miirdocln (Finlay, 1924) (G, N.G.H. 45, 75, L. 7). 
Liracraca cf. subantarcfica Powell, 1942 (N.G.H, 1). 

Sfilla fiordlandica Fleming, 1948 (G, N.G.H. 2, 25, 80). 

Stilla dclicafiila Powell, 1927 (P). 

Stilla flexicostata (Suter, 1899) (P), 

Pervlcacia tristis (Deshayes, 1859) (N.G.H. 54). 

Pcrincacia flexicostata (Suter, 1909) (N.G.H. 76). 

Diacria trispinosa (Lesueur, 1821) (N.G.H. (S3). 

Cleodora coinprcssa Souleyet, 1852 (G ). 

Spiratella helicoidcs (Jeffreys) (P). 

Embolus inflatus (d’Orbigny, 1836) (N.G.H. 39, 76, 80). 

Cylichnimi striata (Hutton, 1873) (P). 

Austrod'iaphana cold Fleming. 1948 (N.G.H. 54, 80). 

Philinc cf. umhilicata Murdoch and Suter, 1906 (N.G.H. 80). 

Philinc aurifonnis Suter, 1909 (S, N.G.H. 57). 

Marinula striata Odhner, 1924 (G, N.G.H. 80). 

Amphibola crenata (Martyn, 1784) (L. 10, 13, 14). 

Gadinalca 11 wea (Hutton, 1878) (L. 7). 

Siplionaria cookiana Suter, 1909 (S). 

Siphonaria selandica Q. and G., 1833 (L. 6). 

(Nudrihranchs have not been listed.) 

Amphineura : 

Ischnocliiton circumvallatus (Reeve, 1847) (S). 

Tcrenochiton aff, inqiiinatus (Reeve, 1847) (N.G.PI. 34, 36, 43, 80). 
Icoplax punicea (Gould, 1846) (N.G.H. 34). 

Icoplax sulculata (Suter, 1907) (S). 

Lonca Mestayer, 1921 (S, N.G.H. 85, 57). 

Cryptoconchiis porosus Bmrow, 1815 (L. 15). 

Acanthockiton selandicits amplificatus Ireclale and Hull, 1930 
(N.G.H. 34). 

■r'zo/czmi (Q, ancl G., 1835) (L. 15). 

Craspedockiton rubiginosus \iii\tton, 1^2) (N.G.H. 30, 34). 
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Anfhochiton canalicnlatiis (0. and G., 1835) (N.G.H. 34, 54, 57). 

AuiaurochUou glimciis (Gray, 1828) (L. 15). 

Sypharochiton peUiscrpentis (Q. and G., 1835) (L. 1, 15). 

OnitJiocliifon neglcctiis Rochebrime, 1881 (N.G.H. 34, 57). 

SCAPHOPODA : 

Dentaliuni nanuin Hutton. 1873 (N.G.H. 25, 37, 39, 46, 51, 63, 65, 
75, 80). 

f’issUfcntaliuni cclandicuni (Sowerby. 1860) (N.G.H. 25). 

Laevidcnfalium cf. ccostatiDn (Kirk, 1880) (N.G.H. 37). 

Cadithts dclicotuhis Suter. 1913. (S. N.G.H. 3, 23, 25, 35, 37, 39, 43, 
44. 45, 46, 51, 54, 55, 58, 75, 80, 81. 83). 

Reference to Symbols and Localities 

S—Recorded from Fiordland area by Suter (1913), l)ut not seen in 
present revision. 

P—Listed from 100 fathoms and 170 fathoms off Puvsegur Point bv 
Powell (1927). 

G—George Sound, entrance, in 34 fathoms (N.Z, Government steamer 
Matai, 1935); slightly muddy coralline shell sand. 

New Golden Hind Bottom Stations* 

N.G.H. 1.—^^I^evolver Arm, Preservation Inlet, 13 fathoms, black car¬ 
bonaceous mud with granular fragments, leaves, and 
bark. 

N.G.H. 2,—Narrows. Long Sound, Preservation Inlet, 19 to 24 fthms. 

N.G.H. 3.—U])per end of Narrows. Long Sound. I’reservation Inlet, 
39 fathoms, medium to hue shell sand. 

N.G.H. 23.—Head of Lcnig Sound, I’reservation Inlet, 11 fathoiirs, 
Idack highly organic mud. 

N.G.H. 24.—South-east oi Chalky Island, Chalky Sound, 30 fathoms, 
medium shell sand, .shells. 

N.(4,H, 25.—Northport Anchorage, Chalky Sound, 11 fathoms, sandy 
grey mud. 

N.G.H. 34,—Northport, one-quarter mile north-east of anchorage; 4 to 
8 fathoms, muddy shell sand. 

N.G.H. 35.—EdAvardson Sound, opposite Little Island, 24 fathoms, 
muddy shell sand. 

N.G.H. 36.—Entrance to Northport, north of Little Island, 8 fathoms, 
two-inch nodules of coralline algae. 

N.G.H. 37.^—Cunaris Sound, opposite mouth of Carrick River, 34 
fathoms, highly organic green-grey sandy mud with 
granite grit and leaves. 

N.G.H. 39.—Edward.son Sound, opposite entrance to Northport, 58 
; fathoms, oolitic mud with grit and shell fragments. 

N.G.H. 40.—Between Cape Providence and Passage Island, 28 fathoms, 
fine comniinuted shell fragments. 

N.Cj.H. 41,—Northport, Chalky Sound, 7 fathoms, muddy shell saud. 

N.G.H. 43.—Northport, Chalkv’ Sound, 2 fathoms, sandy gritty mud. 


’^Details are presented only for those: stations from which hiollusca have been 
identified; aliout half the total, number of samples have Ijeeii examined. 
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N.G.H. 44.—Cascade Cove. Dusky Sound, 18 fathoms, very carbona¬ 
ceous mud with many leaves, twigs, and with fine grit. 

N.G.H. 45.—Facile Harbour, Dusky Sound, 12 fathoms, muddy shell 
sand. 

N.G.H. 46.—Opposite mouth of Facile Harbour, Dusky Sound, half¬ 
way to Five Finger Peninsula, 36 fathoms, medium 
dark sand with -angular granite fragments. 

N.G.H. 47.—Between Parrot Island and Five Finger Peninsula, Dusky 
Sound, 42 fathoms, slightly muddy medium sand, few 
shell fragments. 

N.G.H. 49.—North-east of Parrot Island, Dusky Sound, 35 fathoms, 
.slightly muddy shell grit, with shells. 

N.G.H. 50.—Between Parrot and Pigeon Islands, Dusky Sound. S to 11 
fathoms, rock with patches of .shell sand and grit. 

N.G.H. 51.—Between Pigeon Island and Whidbey Point. 45 fathoms, 
dark green-grey slightly oolitic mud. 

N.G.H. 52.—Boat passage east of Pigeon Island, 2 to 5 fathoms, rock 
with patches of sediments- 

N.G.H. 54.—Opposite entrance to Corhiorant Cave, Dusky Sound, 2 
to 4 fatlujins, muddy sand. 

N.G.H. 55.—One mile north-east of Whidbey Point, 31 fathoms, 
greenish-brown, slightly muddy fine sand. 

N.G.H. 56.—.Supper Cove Anchorage, head of Dusky Sound, 10. 

fathoms, carbonaceous mud with little .sand. 

N.G.H. 57.—W'est-end of Channel in.side Oke Island, Du.sky Sound. 

10 to 13 fathoms, rock with patches of mud. 

N.G.H, 58.—-Middle of Basin inside Oke IsUind. opposite stream delta, 
29 fatliohis, sandy mud. 

N.G.H. 59.—East-end of Channel inside Oke Island, 15 to 40 fatliohis, 
rock, patches of gritty sand. 

N.G.H. 63.—One chain and a half east of southern point of Break.sea 
Island, Breaksea Sound, 22 fathoms, coarse shell 
sand. 

N.G.H. 65.—Half a mile off end of Breaksea Island, 41 fathoms, dark 
medium .sand with some fine shell sand. 

N.G.H. 67.—Off Gilbert Island, Breaksea Sound, 15 to 20 fathoms, 
rock, patches of shell grit. 

N.G.H. 75.—East channel between Johns Islands, Breaksea Sound, 32 
fathoms, muddy shell sand. 

N.G.H. 76.—Daggs Sound, one to two miles west of Adieu Point, 25 
to 28 fathoms, fine, sand, little shell sand. 

N.G.H. 80.—Daggs Sound,■ inside a rock bar. 58 fathoms, dark green- 
grey mud, many small shells, 

N.G.H. 81.—Anchorage Arm, Daggs Sound, 47 fathoms, muddy ear- 
lionaceous grit, few shells. 

N.G.H. 82,—Few chains off end of Shelter Islands, Doubtful Sound, 73 
fathoms, muddy fine shell sand. , 

N.G.H. 83.—Centre of basin opposite Groziioz Bay, Doubtful .Sound, 
opposite stream delta, 38 fathoms, muddy fine sand, 
few shells, 

N.G.H, 84.—Anchorage. Macdonald Island, Bradshaw .Sound, branch 
of Doubtful Sound, depth uncertain, probably about 
15 to 25 fathoms, carbonaceous mud, few shells. 
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New Golden Hind Shore Stations 
L. 1.—Otago’s Retreat, Preservation Inlet, inside spit on north side. 
L. 2.—Beach at mouth of Caesar Creek (Chalky Inlet). 

L. 3.—Beach at end of Cavern Head, Preservation Inlet. 

L. 4.—Moonlight Point. 

L. 5.—Saddle Hill Creek mouth. 

L. 6.—Near Spit Island, Preservation Inlet. 

L. 7.—10 ft. elevated beach, Spit Island. 

L. 8.—W'et Jacket Arm, Dusky Sound. 

L. 9.—\Voo<lhen Cove, beach, Resolution Island. 

L. 10.—Goose Cove, Resolution Island. Dusky Sound. 

L. 11.—Sandy Bay, Pigeon Island, Dusky Sound. 

L. 12.—Various unlocalized beach specimens, Fiordland. 

L. 13.—Spit at end of Long Sound, Preservation InleL 
L. 14.—Under limestone boulders, east shore, Chalky Island. 

L. 15.—Under rocks at low tide. Secretary Island, opposite Banza 
Island, Dusky Sound. 

Ecology 

The physiographic features of the New Zealand liiords which affect 
the mollusca are: (a) steep profiles from above liigh-tide mark to con¬ 
siderable depths, (b j limited development of beaches, estuaries, shore 
platforms, and other littoral biotopes, (c) the presence of moraine or 
rock bars separating locally “over-deepened” basins from the open sea, 
(d) high precipitation giving rise to a considerable inflow of fresh 
water, (e) small quantities of sediment brought in hy the rivers, owing 
to the completeness of forest cover (plant remains are conspicuous in 
some of the shallower sediments, suggesting relatively high concentra¬ 
tion of organic acids), (f) strong tidal currents which are more im¬ 
portant than storm waves in the. sheltered reaches of the longer fiords, 
(g) bare rock, coarse shell sands in scour channels, and other “hard” 
bottom, which are more common substratum than are fine sediments, 
owing to the limited sedimentation and the action of confined tidal 
bottom-currents. 

Salinity 

Theoretically, physico-chemical conditions in deep land-locked arms 
of the sea, in areas of low evaporation, receiving quantities of cold fresh 
water from rivers, and separated by shallow rock bars from the open 
sea, should resemble, on a small scale, those of the Baltic (Sverdrup, 
Johnson, Fleming, 148-150, 657). In the Baltic type of circulation, a 
surface layer of cool water of relatively low salinity flows seawards 
over heavier, though warmer, more highly saline water at the bottom; 
bottom water must flow in over the rock bar at the mouth of the sound. 
If such a salinity stratification exists in the New Zealand fiords, it may 
have an effect on molluscan biotopes. The littoral faunas of the inner 
sounds (where the profile allows of their development) are poor in 
species and contain such euryhaline forms, tolerant of low salinity, as 
Atnphidesma anstrale, Ldsaca spp.^ Austrovenns stutclihuryi, Micrelen- 
tliHS tenehrosHs, Fnicfctrmilla corrosa, and AmpJnbola crenata, On the 
ether hand, the bottom faunas of the. sounds give little indica¬ 
tion of reduced salinity, except for N.G.H. 23, 44, and 56 from 
10 to 18 fathoms at the heads of : Long Sound and Dusky Sound. 
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In the three samples named, dead shells of the estuarine Paphies, 
Macomona, Austrovenus, Fractannilla corrosa, and of the. fresh-water 
gasteropod Potamopyrgus attest the proximity of stream deltas. On the 
other hand, even such land-locked stations as N.G.H. 2 and 3 (Narrows, 
Long Sound, 19 to 39 fathoms), 37 (Cunaids Sound, 34 fathoms), 
57 to 59 (Wet Jacket Arm, 10 to 40 fathoms), 75 (Breaksea Sound, 
32 fathoms), and 84 (Bradshaw Sound) contain mollusca which else¬ 
where in New Zealand are found chiefly on the open sea bottom or at 
least in non-estuarine bays. Among such may be noted members of the 
following genera: Nuculana, Perricrina, Pallium, Condylocardia, Lima- 
tula, Lima, Cardita, Scalpomacfra, Longimactra, Ncmocardlum, Verti- 
cord'ia, Sincsona, Schisotrochus, Micrclcnchus (caelatiis), Astraca, 
Argalista, Fax, Nobolira, Terejundus, and Stilla. In general, then, it' 
it is permis.sihle to argue from the mollusca, it would appear that the 
entry of fresh stream-water into the fiords does not greatly afifect 
the bottom faunas, which are characteristic of water of normal salinity, 
and that the Baltic type of circulation prevails. 

Temperature 

No detailed sea temperature study has been made in the fiords. If 
the circulation in them is of the Baltic type, the surface water.s within 
the fiords should he cooler than the bottom waters and than the open 
sea outside. Analysis of the affinities of the Fiordland fauna shows that 
a number of forms are present which have not been recorded elsewhere 
in Southern New Zealand: such forms of northern aspect are entirely 
bottom dwellers and not from the littoral zone. It is difficult to assess 
the thermal facies of the shallow-water assemlilages liecause the littoral 
hiotope.s are restricted, and their faunules poor in species, lint Eucomhiia 
aufl MargarcUa are cool-water forms which do not live in deep water 
in Fiordland. 

The warmer facies of Fiordland mollusca may he related, not so 
much to higher mean temperatures than those of south-eastern New 
Zealand as to less extreme minimum temperatures than are experienced 
in the latter area. L. Hutchins (1947) has recently emphasized the 
importance of maximum and minimum temperatures in limiting the 
distribution of maritime organisms. Study of the monthly surface-water 
temperature charts for New Zealand seas, prepared by the Marine 
Branch of the Meteorological Office shows that the surface-water east 
of the South Island is subjected to a much greater annual range of 
temperatiu'e than is that to the west, where the Notonectian current 
maintains relatively constant temperatures. 

The presence of northern forms in-south-western New Zealand that 
are not recorded from Stewart Island or East Otago suggests that the 
Fiordland coast is more under the influence of the warm Nononectian 
current, and less affected by the Subantarctic drift than is the rest of 
the southern end of New Zealand, and this suggestion is in accord 
with what little is knowm of. the disposition of these currents. 

Depth 

The bottom samples come from depths of tip to 73 fathoms. Any 
attempt to find the depth range of individual species is handicapped 
by the difficulty of separating:‘‘dead” from “living” shells in the samples. 
In the steep-sided fiords, gravitation of the dead shells of shallow- 
water molluscs info: the over-deepened basins seems to be a regular 



(5)34 The N.Z. Journal of Science and Technology [March 

process, accentuated by the existence of seaweed-covered rock bars, 
within a few fathoms of sea-level, from which dead shells can fall 
almost vertically to depths of more than 50 fathoms. Flotation of 
ixdecypod valves or air-filled small gastropods by rising tides in sheltered 
waters must also contribute to the mixing of dead shells. Thus a valve 
of Paphirus kmjillicrii, a species living in moderate depths, is present 
in N.G.H. 82 (73 fathoms Doubtful Sound), and in N.G.FI. 80 (58 
fathoms, inside a rock bar, Daggs Sound) the following seaweed- 
inhabiting and littoral species are not uncommon: Modiolus, Lasaca, 
Piscllopsis, Mchiraplic, Alacquariclla, Notoacmca, Marinula, and others. 
The upper limit of occurrence of species can lie more reliably determined 
in this region where “dejiositing shorelines" are scarce. 

'riie following are the minimum and maximum depths of occurrence 
in Fiordland of some of the commoner benthic molluscan shells:— 


Nucuhiua heUiiht (A. Ad.).. 4 to 58 fathoms 

“Ovaicda" fiamilfoui Powell . 22 to 73 fathoms 

Nucinclla uuioriaua (Hedley ) 7 to 73 fathoms 

Hdthyaira cyhaca (Fledley) . 34 to 73 fathoms 

.lustvosarcpfa hamsonac (Powell) — 8 to 73 fathoms 

Cosa costahi (Bern.) . 15 to 73 fathoms 

Perrier ilia (4 spp.) . 19 to 58 fathoms 

Cyomiomaclra prohlcniatica Bern. 14 to 58 fathoms 

Clilaniys radiata (Hutton) .. ...... 10 to 58 fathoms 

Lima scjandica Sow... — 10 to 41 fathoms 

Cuna cardifelloidcs Suter . 45 to 73 fathoms 

Tliyosira peroniami peregrina Ired. 2 to 58 fathoms 

''Tellina" huttoni (Smith) . 10 to 36 fathoms 

Scalpomacira scalpclliim (Reeve) — 14 to 45 fathoms 

Dosinia greyi Zitt. 12 to 18 fathoms 

Notoealli.da inultistrata (Sow.) — — 12 to 39 fathoms 

Ta'iecra spissa (Desh.) shore to 58 fathoms (.single valves 
only in depths of more than 40 fathoms) 

Nemocardium pulchelhim (Gray ) _ 12 to 73 fathoms 

Ascitellina iirinatoria (Suter) . 15 to 34 fathoms 

Exiiniothracia vitrea (Hutton ) 14 to 39 fathoms 

Parvithracia suteri Fin. 24 to 73 fathoms 

Myadora antipodum Smith — 4 to 58 fathoms 

Mydora suhrosfrafa Smith — 22 to 73 fathoms 

Scliisotrochus 2 spp. .. 24 to 58 fathoms 

Emarginida strialula (O. and G.) ...... ...... 2 to 73 fathoms 

CocIotrocJuis iiaratus (Q. and G.) 2 to 58 fathoms 

Thoristclla hcnthicola Fin. 2 to 22 fathoms 

Micrelenchus caelatus hakcri Fleming _ 2 to 58 fathoms 

Aiifisfliarium egenum (Gould) . 2 to 34 fathoms 

Argalista finchtata (YivdXon) . 4 to 58 fathoms 

Subonoba fumata (Suter) _ ....... 5 to 58 fathoms 

Estca suhjim'a (Hutton) .. shore to 58 fathoms 

Haurakia huttoni (Suter) ...... ...._ ...... 15 to 58 fathoms 

Rissoma chathamctisis shore to 58 fathoms 

Maoricolpus roseus (^Q. and G.) shore to 35 fathoms 

Stiracalpus aff: (Hutton) 10 to 73 fathoms 

Ubcrelta vitrea ('Button) ...... 2 to 58 fathoms 

Microvoluta Inconica (M. and S.).. ■ 14 to 28 fathoms 

Fenesfrosyrinx 2 spp. . .. 22 fd 58 fathoms 
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Bottom Communities 

Powell (19371)) has shown that the texture of the sulistratiim is a 
more important factor than depth alone in controlling the distribution 
of animal communities in Auckland and Manukau harbours. Adequate 
discussion of the Fiordland bottom communities must he postponed 
until mechanical grading of the sediments is possible; nevertheless, by 
comparing the sediments and faunas with the formations and associa¬ 
tions described by Powell, some useful analogies may be drawn. 

Communities in a Soft Mud Substratum: PowelPs Echinocar- 
(iiuni formation is the most extensive biotope in Auckland Harliour. In 
Fiordland a .small number of samples were collected (N.G.IL 1, 23, 44, 
45, 84) in which the texture is described as dominantly muddy, and 
in which occurs a fauna with some affinities to that described by Powell. 
Irregular echinoids are pre.scnt in at least some samples, Init the domi¬ 
nant jielecypod Dosinia hmihata has not been recorded. In.stead, Dosiuia 
fjrcyi (a secondary species in the formation in .Auckland) is here at 
lea.st locally important, and “Tcllina” hiitioni locally approaches domi¬ 
nance. Taii'cra sf-’issa, Ncilo australis, Lej^lomya rcfiaria, Cadiilits, and 
Mcilitcry.v, which are all found in the formation at Auckland, are 
jjiresent in the Fiord area. The presence of Echinocardhun. which 
l^owell has shown to be intolerant of salinity below 34 per cent., i.s 
further indication of the relatively euhaline benthic conditions in land¬ 
locked fiords. 

Sandy Mud and Muddy Sand Substratum : Several different 
assemblages share this general type of substratum. In some (N.G.FI, 
34, 41, 53) Maoricolpus is dominant, Tan'cra is often important, and 
Coclotrochus present in numbers, suggesting that a facies of the Maori¬ 
colpus formation is represented. The dominant pelecypods of that forma¬ 
tion at Auckland ( Dosinula, A^ticula hartvigiana, Paphirus) are nowhere 
dominant in the Sounds. Elsewhere, sandy-mud substratum supports 
faunas dominated by either Ncuwcardinm pulclielluin or Mucidana 
hcllula. 

Shell.s and Sand With Little Mud: Such relatively coarse- 
textured biotopes are characteristic of the tide-scoured channels at fiord 
entrances or between islands. No community quite comparable with 
Powell’s formation 3 (Tazivra and Glycymeris) has been seen from the 
fiords, but the conditions under which shell-sand substratum occurs—in 
positions of tidal scour—and the fact that the substratum is often made 
up of the accumulated dead shells of the dominant organisms point to 
a genetic affinity with that formation. Nowhere has Vcnericardia been 
found dominant; it is. in fact, rare in the fiords. One characteristic 
biocoenosis is dominated by Cyamioinactra, the dead shells of which 
make up the bulk of the coarser fraction of such samples as N.G.H. 54. 
Another type of substratum, apparently rather widesih'ead in southern 
New Zealand, consists of coralline shell-sand (with a small branching 
coral and pink actinarian), containing niany dead small pelecypods such 
as Austrosarepta (in sample G); the biocoenotic mollusca include Anti- 
solarium, "TelHna” /7«//owi, and Ascitellina. Scalponmctra is dominant 
in some of the shell-sand facies. 

Braciiiopod— C/j/fli/iw Association : At two stations, one (N.G.H. 
2) in the channel of the .Narreuvs (Long Sound), the other in the 
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channel inside Oke Island, Wet Jacket Ann, an association occurs 
closely akin to that described from Port Pegasus, Stewart Island, by 
Allan" (1937, p. 160 ). In the fiord samples, the texture of the bottom is 
generally coarse, with pebbles and dead molluscan shells and lesser 
amounts of fine sediment. Brachiopods of several genera (Neothyris, 
LiothyreUa, Tegulorhyucbia, Tcrebratella) and Chlamys radiata are 
accompanied by numerous secondary species of mollusca, and by a 
s]>ecies of FlohcIIum and the regular echinoid Pseiidechhiu.^ huttoni 
Benham. 

The association occurs in areas of strong currents where sediment is 
bypassed. Allan has noted the occurrence of similar associations through¬ 
out the latter half of the Tertiary, 

Coralline Algae Substratum : New Golden Hind sample 36 
(entrance to Northport. north of Little Island, 8 fathoms) consists 
almost entirely of branching calcareous algae. The mollusca associated 
are few and chiefly thanatocoenotic: Cardita aoteana, Dardannla roseola, 
and a few Amphmeura were the only biocoenotic forms noted. 

Affinities of the Molluscan Fauna of Fiordland 

The study of the distribution of mollusca within the New Zealand 
region has largely centred around the naming of faunal provinces to 
emphasize the superficial differences between the faunas of different 
parts of New Zealand and its outlying islands. Detailed analysis of the 
ranges of the species comprising the faunas of single provinces and of 
the whole region has yet to be made, and the provincial boundaries in 
New Zealand proper—^provisionally adopted by Finlay when he pul,)- 
li.shed Iredale’s manuscript scheme, and modified by Powell (1937a)— 
will almost certainly be further modified. In the meantime, accumulation 
of precise range data is the best contribution that can be made to the 
problem. 

The Fiordland area is part of the For.stcrian Province a.s defined by 
Finlay (1925) and re.stricted by Powell, but mo.st of the collections on 
which the conception of the Forsterian fauna is based come from 
Eastern Otago, Foveaux Strait, and Stewart Island. It may be profit¬ 
able, therefore, to compare the Fiordland molluscan fauna with those of 
(a) Stewart Island, which has recently been the subject of a detailed 
report and check-list (Powell, 1939), and (b) whole Forsterian, for 
which a basic faunal list can be compiled from the distributional infor¬ 
mation in Powell’s (i946b) check-list of New Zealand Recent Mollusca. 

The Stewart Island list contains the names of 363 marine forms, and 
is considered by Powell a rich one for its latitude. The Fiordland li.st 
contains 342 names, and, in view of the small amount of collecting that 
has been done, it is probably incomplete. Comparison of the two lists 
shows that more than 80 species in the Fiordland list are not recorded 
from Stewart Island, and these include not only rare small species, 
and endemic representative forms, but common forms such as Monk 
selandica, Trichoimiscuhts barbatus, Zemysia selandica, Rochejortula 
renifonius, Dosinula sclandica, Myadora anfipoduni, Tugali suteri, Cavo- 
diloma coracina, MelarapJie oliveri, Zcacrypta monoxyla, Sign patella 
7iome3clandkc, and Amphibola cremta. 

The Fiordland list contains about 30 genera which are not recorded 
from Stewart Island, and there are about the same number of Stewart 
Island genera not recorded from-Fiordland, Further collecting in both 
■ areas will doubtless diminish these differences, 



1950] Fleming—Mollusca of Western Southlanj) (5)37 

Fiords 

A comparison with the fauna of the rest of the Forsterian province 
must be less precise, because the only provincial faunal list available 
(compiled from the Forsterian records in Powell's (1946) check-list) 
includes the earlier Fiordland records. Also, to this liasic provincial 
faunal list must be added the names of those Stewart Island mollusca 
(Powell, 1939) which have not been noted as occurring in the Ff)rsterian 
in the check-list*. More than 60 species in the Fit)rdland list (including 
those from the Puysegur Point dredgings) are either (a) confined to the 
area or (b ) not recorded elsewhere in the Forsterian, but have affinities 
elsewhere. Sixteen genera enter Southern New Zealand only in Fiord¬ 
land or are endemic to Fiordland. The more important items in the 
Fiordland faunule are listed and their affinities indicated : 

A'licula aff. galMnacea: Described from Hen and Chickens Island. 

Porolcda : Other recent occurrences of the genus are from northern 
New Zealand. 

“Ovalcda” haniilfoni: No recent records outside Fiordland. 

Austrotiiidaria •. So far endemic to Fiordland. 

Ferncrina : The genus is almost confined to southern waters. 

Pcrricvimi persfnata: Closest to North Auckland subsfrtafa. 

Trichuniuscitlus: Enters Southern New Zealand only in Fiordland. 

Dacrydhtm : Enters Southern New Zealand only in Fiordland. 

Chlamys siiprasilis crcpusculi: Related to suprasilis of eastern 
South Island. 

Kidderia : The genus is dominantly subantarctic. 

Kidderia aupouria fiordlandiai: Related to North Auckland form. 

Haniacuna gibhosa: Elsewhere onh" in North Auckland. 

Condylocardia pcctinata : Australia and ChathamTslands. 

Taras cclandica: First record for Southern New Zealand. 

Lasaca rosskim tidanckai: Related to Chatham Island and Suli- 
antarctic forms. 

Mysella liciiryi: Closest to larochci, North Auckland. 

Halu’is setosa : Otherwise recorded in Northern New Zealand only. 

Ansironeacra: Genus otherwise recorded from North Auckland 
only. 

Schisotrochus regius: Elsewhere known only from North Auckland. 

Scliisoirocluis niantelli: With North Auckland and Australian 
affinities. 

TitgaJi siiteri: Not elsewhere recorded in Southern New Zealand. 

Micrelcnchus niicans: Endemic to Fiordland. 

Micrelenchus parcipictus: Endemic to Fiordland. 


-The following species in the .Stewart Island list are not noted as of Forsterian 
occurrence in the check-list: car sandersouae, Costokiddena lyallcnsis, Bcntlw- 
lardieUa obliqiiata, Gonimyrtca conchim, Amphidesma suhtnanfntliita, JJusinia 
ciuiiSj D. subrosca, D. inaonaiia, D. yreyi, O^adesma aut/asi, 1 fwristclla chathain- 
nisis, Maurca zmikanac, Cclldna stidliferd, Mcrclim siiperba, Notasetw verccunda, 
Scrobs eloufiahtSj Larochella torenma, Speenfa canaliculafa, A^otosiuistcr infcllv, 
A'cojaiiaciis'perplexus (omitted from check-list), Cabcstaiia spenghri, XcnopJia- 
liuin pynim, Zerotida hedhyi, Xymenella pusiUa, Paxnla paxUhis, P. murdochi, 
Alclthoe arabica, Zenepos charicssa, Antmelatoma buchanmii tngoruni, Ncoyiint- 
icUs ainocvus, Perzncacia trisfis, Cdvolma ielemus. Pupa alba, Bouviend auran~ 
tiaca. Siphouaria australts, S. cookiam, Ischnochiton luteoroseus, I'erenachiton 
wquiuatus, Dentalium mamdeki. In addition, some 14 species from off Puysegur 
Point (Powell, 1927) have not been indicated as Forsterian, but for the present 
comparison they may be grouped with the Fiordland fauna; 
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Margarelki puyseyurcnsis: Enck-mic to Fiordland. 

Loddcremi mmi pooki: Closest to North xMickland form. 

Liufella rotula : A New Zealand Siibantarctic species. 

CirsuncUa accclcians: Nearest C. variecostata Powell, North Auck¬ 
land. 

CoccuHna ccrvac: Related to Australian species. 

Nubolira: Genus present in Tasmania and North Auckland, but no 
other records from Southern New Zealand. 

Notosinistcr (Cantor) lutcns: Subantarctic. 

MurdocJiella alaccr: Species (and genus) otherwise northern. 

Fa.v: Genus recorded in Tasmania and North Auckland, but not 
elsewhere in Southern New Zealand. 

Zcatrophon raiidatimii': Described from Auckland. 

Liratilia conquisita nestoris: Nominate race occurs in Northern 
New Zealand. 

Baryspira southlandica : The southernmost representative of the 
genus*. 

Fcjiesfrosyrin.v ncsilis feccns: Recent race of Pliocene species. 

Stilla fiordlandica: Nearest to N. paucicostata, North Auckland. 

Pervicaciii flexicosfata: Listed from Aupourian (North Auckland) 
only, in check-list. 

Aitstrodiaphana: Affinities with S.E. Australia and Tasmania. 

The differences between the molluscan fauna of Fiordland and that 
of the rest of the Forsterian, including Stewart Island, may be summed 
up as due chiefly to the presence of elements of either Australian 
derivation or of Aupourian (North Auckland) affinity. The di.stribution 
pattern j;if such genera as Fax and NoboHra (Eastern Australia, Fiord¬ 
land, North Auckland), and perhaps of Austroneacra and Porolcdu 
(Fiordland and Northern New Zealand) may be interpreted as evidence 
of the importance of the Notonectian current, flowing eastward acro.ss 
the south Tasman and then northward, as a vector of those marine 
organisms possessing the required vagility. 

Genera and .species which have their major development in, or are 
otherwise confined to, the subantarctic area, dominated l)y the influence 
of the west wind drift, are not so .strong, numerically, in Ihordland as 
are those of trans-Tasman and Northern New Zealand affinity. The 
forms of inferred subantarctic origin include several which have cx- 
tende<l into Nortliern New Zealand. The southern species in Fiordland 
are: 

L-issaira station is: Northernmost occurrence of this subantarctic 
genus in New Zealand. 

Perricrina 4 spp.: Genus mainly southern; one sp. in N. Auckland). 

Cyamiuinadra problcuiatica: Southern in New Zealand, Init genus 
is also Australian. 

Kiddcria 2 spp.; Genus mainly southern; one species in North 
Auckland. 

Verficopromts: Genus southern. 

Lasaca rossiand: Species subantarctic, reaching Southern New 
Zealand, 

Margarclld : Subantarctic genus entering Southern New Zealand. 


*Suter s (1913i p. 453) record of B, australis from Chalky Inlet requires confirma¬ 
tion; the specimens are not m the Suter Collection: 
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Macquariella-. N.Z. Siihantarctic "eiius entering; southern New 
Zealand. 

Sj^ccuhf. N.Z. Subantarctic gemt.s entering southern New Zealand. 
Cimtnr': N.Z. Subantarctic .subgenus entering southern New Zea¬ 
land. 

Eucnininia nassoides: N.Z. subantarctic genu.s entering southern 
New Zealand. 

Mar inula striata: Subantarctic sjiecies entering southern New Zea¬ 
land. 

Without full stati.stical analysis of the distribution, extralimital affini¬ 
ties, and fossil ancestry of the»whole recent New Zealand molluscan 
fauna, any assessment of the affinities ,and origin of the Fiordland 
faunule must be to a great extent subjective. With this reservation, 
the nature of the Fiordland faunule may be summarized as follows;— 

(1) A nucleus of endemic New Zealand elements, cither fairly wide- 
ranging in New Zealand or restricted to southern New Zealand. 

(2) A smaller but important element with affinities with northern 
New Zealand or Australia, or with both. 

(3) A .small subantarctic element. 

(4) A small endemic element. 

These characteristics might justify erection of a further faunal pro¬ 
vince to emphasize the distinctions between Fiordland and the Forsterian 
Faunal Province of East Otago and Stewart Island. The usefulness of 
such a procedure \vould he questionable, particularly at present, when 
the faunal boundaries can be only arbitrarily drawn, and when data 
for other marine groups (no less important than mollusca ) are deficient. 
It would seenr of more value to local zoogeography to indicate the 
diverse provenance of faunal elements as a contribution towards the 
eventual elucidation of the chuiamics of animal distribution. 
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THE APPLICATION OF CONFLUENCE ANALYSIS TO 
AGRO-ECONOMIC SURVEYS 

By I. D. Dick, Biometries Section, 

Department of Seientific and Industrial Research, Wellington 
Summary 

This paper demonstrates, by means of buneh-maps, that confluence 
analysis may give correct conclusions not only, when the relationships 
within subsets of variable are linear, but also when they are multi¬ 
plicative. 

Introduction 

OnR of the objects of collecting agro-econoinic survey data is to 
estimate the effect, for example, of fertilizer management, expressed 
as area top-dressed with artificial fertilizer upon some index of pro¬ 
ductive efQcieney such as production per acre. The obvious method of 
tackling this problem is to set np a multiple regression equation with 
the. efficienej’’ index as the d.ependeiit variable-, and such factors as are 
being studied as the independent variables. Then, from this regression 
equation the effect on the dependent variable- of altering in turn each 
of tlie independent variables may be estimated. 

Ilnfortimately, Frisch’s work^ has shown that under certain con¬ 
ditions this relatively simple procedure may yield very misleading 
or even nonsensical results. Frisch’s;ideas are most easily explained 
using three variables as an example. Fitting a regression equation to 
three variables implies that the three variables lie in a plane surface 
and that one independent linear relationship exists between them.: 
If, however, two independent linear relationships exist between the 
three variables, they w’ill lie along a line. To attempt to fit a plane, in 
other words a regression equation having two independent variables, 
is obviously absurd, as any given line may lie in any of an infinite 
number of planes. 

The math ematieai theory undeHying the fitting of the regression 

equation leads in this eaSe to the indeterminate form —, In practice, 
-■■■■■ ' ■■■■■■■-.■ '0 
however, to obtain this answer ntimeribally the tAvo conditions required 
are seldom-both fulfilled. These.hohditions are that-t^he Dbseiwatm 
data are exact and that there has been no rounding 'off in the :ceia« 
;.i:pnta,tiona,; If: either of these conditions is unfulfilled^-^ indeterminate 
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form will not appear and a fictitious determinacy generated either 
by observational or roiinding-off errors would result. 

It might be thought that some safeguard would be reflected by the 
standard errors of the regression coefficients. Such, however, is not 
the eases for the standard errors themselves come out in exact data 
and eouii)utations as an indeterminate. Friscld and Richard Stone- 
both have interesting comments on this point. 

The situation may obviously be worse when several variabh-s ari' 
included in the analysis, as relationships might com-eivably exist 
between different sub-sets of variables. In attem])t,ing to overcome 
these difficulties, Frisch developed what he terim'd “confluence 
analysis” which may be described briefly as an attempt to isolate 
and identify any independent linear relationship that may exist 
between any of the variables in the system. It is not feasible in this 
paper to give a detailed account of the theory and logic of confluence 
analysis and the following simplified discussion must suffice. 

Discussion 

One of the basic ideas is that if there is an exact linear relationsliip 
betAveen a set of A'ariables, then the regression equations, obtained by 
making in turn each of the variables in the regression system the 
dependent AUiriabie, are equivalent. If (Vij) be the correlation matrix 
and (Rij) be its adjoint, then it is Avell knowm that the regression 
equation wdtli the j^’‘ variable as the dependent variable may be Avritten 
(AYhen the variables are standardized) 

Rij Xi -f- Ruj Xo -T • • I'Mj • • • + fhij Xii = 0 

If tliere is an exact linear relationship betw'een the variables then 
the matrix (Yy) is singular and by considering the charatceristic 
equation of (Rjj) it is easily seen that (Rij) is of rank one, and hence 
its rows (or columns, because of its symmetrical properties) are pro¬ 
portional. Hence the regression coefficient betwa^en Xg and Xj, Avheu 
Xj has been chosen as the dependent variables as bl^ may be Avritten, 


Hence, as (Rjk) is of rank one, b’j^= b-^. = .. . = b“ . 

The method of computing all the various Rjk for all possible 
subsets is known as tilling, and once the tilling tables are complete 
the bunch-maps may be draAvn in the folloAving way. To jilot the beam 
of the k“* variable for the regre.ssion betAveen the i**' and ,i*‘‘ variable's, 
Rik is measured along the horizontal and Rju along the v(*rtical. A line, 
is draAvn to connect this i)oiiit Avith the origin. If Rjk and Rju are of 
the same sign, Rj^ is measured vertically doAvn; if of opposite signs, 
upAvards. Hence it aauII be seen that b|\ is giAum by the slope of the 
lines. This means then that if a linear relationship exists, all the beams 
will lie along the same line. 

On the other hand,, should tw'o or more linear relationships exist 
iDetween the variables, some of the Ihk and Rjk will be both zei'o and 
if observational and/or rounding-off errors exist, then the b^, Avill be 
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fictitiously determined by more or less random errors; In this case, the 
slope of the beams -will be rather random and far from bunched. 

Five variables from the Whangarei county data have been selected, 
as these,, variables provide a good illustration of the teehnicpie. The 


correlation matrix is given below. 

1 . 2 


8 

10 

1 1.000 .280 

—.133 

.543 

—.051 

2 1.000 

—.522 

.911 

—.007 

0 

1.000 

—.504 

.773' 

8 


1.000 

.001 

10 



1.000 


For reasons of space, the tilling tables are omitted and the complete 
bunch-maps given in Figs. 1 to 7. 

From the bunch-maps it will be seen that of the simple two-variable 
subsets only (2, 8) and (5, 10) give comparatively tight bunches. 
Of the three-variable subsets, (2, 5, 10), (5, 8, 10), and (1, 2, 8), all 
have fairly narrow beams and hence the variables in these sets are 
suspected to be closely related. To check this conjecture, the subset 
(2, 5, 8, 10) should show definite explosion as there Avill now be two 
relationships involved. Reference to the bunch-maps shows that five 
of the six bunches of this subset have definitely exploded. The remain¬ 
ing four-variable subsets do not show this explosive tendency, which 
is as it should be. In the complete set (1, 2, 5, 8, 10) all the ten maps 
(except (1, 8) and (5,10) shoAv very definite explosion, audit is highly 
significant that in both (5, 10) and (1, 8) and 8 in (5, 10) lie outside 
the sector of the principal beams. 
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So far, these five variables have been eonsidereci without reference 
to their actual nature. Wlieu the actual nature of the variables is 
considered, the position is very interesting. The five variables are 

(1) Production per cow 

(2) Carrying capacity 

(5) Logarithm of cultivated area 

(8) Production per acre 
(10) Number of cows 

for 510 ‘‘pure” dairy farms of flat topography in the "Whangarei 
county. The logarithm of the cultivated area was chosen to make 
area regressions more nearly linear. Consider the subset (2, 5, 10) 
which gives a narrow bunch. Carrying capacity was defined as the 
total number of sheep units pre acre of cultivated area. When this 
relationship was first located, its validity was disputed until it was 
recalled that a ‘ ‘ pure ’ ’ dairy farm was defined as one where 90 per cent 



Fro. 2 


of the stock carried was dairy stock. Hence the total sheep units were 
ahnost equivalent to the number of eow’s. This point w’as first over¬ 
looked because iueluded in. the survey data (but not used in this 
particular analysis) were a large number of mixed farms wdiere the 
total number of sheep units vpas definitely not equivalent to the 
number of cows. Sipiilarly, it is easily seen that carrying capacity 
m virtually equivalent to production per acre divided by production 
per cqw, thus indicating the relationship in the subset (1, 2, 8) 
Pinally, as the number of cows is highly correlated (r > 0-9) with 
total production, the production per-acre is almost equivalent to carry- 
mg caj^eity and to number of: .(spws divided by area, thus givjng 
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the relationship in subset (5, 8, 10) and the two relationships in 
(2, 5, 8, 10). 

The above considerations have a decided theoretical interest in 
that the theory behind confluence analysis stipulates linear relation¬ 
ships, whereas the ones given above are multiplicative. Despite this, 
confluence analysis has led to correct findings. 

Undoubtedly, confluence analysis is a very useful tool, particularly 
when indeterminacy is liable to arise, but unfortunately, the amount 
of computation needed when the A’ariables exceed five or six becomes 
somewhat complicated and the number of bunch-maps to be drawn, 
examined, and interpreted, excessive. For example, with an eight- 
variable S3^stenl, the computations involve almost twelve thousand 
multiplications and two hundred and fifty-five maps. Each successive 
variable more than doubles the amount of computation and almost 
exactly doubles the number of maps. 





H 

H 

■ 











B 



1 

■ 

1 


1 



Fig. 3 


8ome sort of cpmjiromise is required. Frisch himself pointed out 
tlie possibility of using what he terms, at Belz’s suggestion, scattei’- 
aiices. The scatterance of a set of variables is simply the value of their 
correlation matrix. The amount of computation involved in evaluating 
scatterances is, by Qlav Reiers^l’s method,® very much less than that 
reciuired for a complete confluence analysis. In the first section of his 
w'ork oh confluence analysis, Frisch^ has given rules oh how to work 
with and interpret scatterance. ; 

It is felt, how^ever, that for .a preliminary reeohhaissanee, Frisches 
methods are father too elaborate. and it is suggested that a slightly 
modified procedure described by Hotellingt should be employed. The 
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basis of this method is to ealeiilate the multiple correlation c<jefficient 
for every possible regression and then select the smallest set of 
variables" that has the highest multiple correlation for the variable 
in which the investigator is particularly concerned. This, of course, 
is a much simpler procedure than that advocated by Frisch. It does 
not entirely eliminate the possibility of reaching nonsensical results, 
but it makes possible the submission of this small subset of variables 
to a full confluence analysis if necessary. The multiple correlations 
are, to the best of tlie writer’s kuoAvledge, most expeditiously computed 
by Reiers^l’s method. 

If the bunch-map shows no sign of explosion or niulticollinearity, 
the question of inclusion of a new variable may be tested in the follow¬ 
ing Avay. If the square of the multiple correlation is only slightly 
increased (it can never be decreased) by the inclusion of the extra 
variable, then its insertion is not Avorthwhile, for the square of the 
nndtiple correlation (11=^) is a measure of the amount of variation 
in the dependent variable accounted for by the iiidepeiident variables. 
More formally and in more generality, the proeedure«can be described 
by means of an analysis of variance table in a manner similar to that 
described by Hotelling'* except that he used regression coefficients 
and the Avidter prefers R^. Let there be groups of observations and 
suppose that the multiple correlation of p independent variables is Rp. 
Also, suppose that when a further q independent variables are inserted 
that the multiple correlation is Rp+q. Then the anlay.sis of variance 
(assuming that all variables both dependent and independent are 
in standard measure) is as follows: 


Vauiation D.F. S.a. M.S. 

q additional variables q Rm. . 

* (p+'i) ** q ^ 

Residual n—i>-q—1 1—R“„.„ ' . = >32 

Total n—1 1 

Then the ratio P =: is tested in the normal fashion with the degrees 

of freedom as given above. 

To illustrate Avliat has been discussed above, the data provided by 
the seven-year averages of 152 dairy farms in the "Whangarei county 
is consideired. The eight variables chosen are: 


(1) Butterfat per coav 

(2) Carrying capacity (total sheep units per acre) 

(S) Soil rating . . 

(4) Percentages area hay 

(5) Logarithm of eulth’ated area 

(6) Percentage area topdre^ed with artificial fertilizer 

(T) Percentage area limeal : 

(8) production per acre; 
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Consider first bntterfat per cow. Then the squares of the multiple 
correlation for the various subsets are given below. 



R ® 


R ® 


R ® 


R ® 

12 

.13 

145 

.12 

158 

.33 

145(5 

.17 

13 

.13 

126 

.18 

1(58 

.34 

1237 

.17 

14 

.07 

136 

.16 

178 

.33 

1247 

.17 

15 

.05 

146 

.16 



1347 

.15 

IG 

.13 

156 

.14 

1234 

.16 

1257 

.16 

17 

.09 

127 

.15 

1235 

.15 

1357 

.14 

18 

. 3.3 

137 

.13 

1245 

.15 

1457 

.16 



147 

.13 

1345 

.14 

1267 

.18 

123 

.15 

157 

.10 

123(5 

.19 

1367 

.17 

124 

.15 

167 

.14 

124(5 

.19 

14(57 

.17 

134 

.11 

128 

.51 

134(5 

.18 

15(57 

.15 

12.1 

.13 

138 

.33 

12.50 

.18 



135 

.10 

148 

.33 

135(5 

.17 







1(578 

.34 



1238 

.52 

1368 

.34 





1248 

.85 

1408 

.34 





1348 

.34 

1.568 

.30 





1258 

.53 

1278 

.51 





1358 

. 3(5 

1378 

.33 





1458 

. 3(5 

1478 

.33 





1208 

.52 

1578 

.33 





12348 

. 8(5 

12568 

.53 

13578 

. 3(5 



12358 

.53 

13568 

.36 

14578 

.30 



1245 vS 

.85 

14568 

. 3(1 

12078 

.52 



13458 

.37 

12378 

.52 

13678 

.34 



123(58 

.52 

12478 

.80 

14678 

.34 



124(58 

. 8(5 

13478 

.34 

15078 

. 3(5 



134(58 

.34 

12578 

.52 






Ill the subsets of five variables, only those sets that Imve tlie variable 8 
included have been listed, as the higliest subsets, not including 8, 
gave R- as low as 0-19. 

8inee the addition of any further variable does not increase R- 
significantly, it will be seen that the subset 1248 contains almost all 
the available information concerning production per coav obtainable 
from the listed variables. 

'When carrying capacity is considered, the following results are 
shown: 


21 

.13 

235 

,47 

238 

.85 

2340 

.39 

23 

.20 

245 

.51 

248 

.85 

2156 

.48 

24 

.18 

21(5 

. 2(5 

2.58 

.86 

2350 

.54 

25 

.38 

23(5 

.34 

268 

.85 

2456 

.,55 

2(5 

.22 

240 

.31 

278 

.85 

2137 

.34 

27 

.17 

25(1 

.45 



2147 

.33 

28 

.85 

217 

.23 

2134 

.33 

2347 

.37 



237 

.21 

2135 

.50 

2157 

.48 

213 

■.27 "■ ' 

247 

.30 

2145 

.53 

2357 

.52 

214 

.25 

. 2.57 •• 

.45 

2345 

. 5(5 

2457 

.57 

234 

,29 

2(57 

.24 

21.36 

.36 

2167 

.28 

215 

.43 

218 

.89 

2146 

.33 

2367 

.35 


24(57 .34 

2507 .47 

2138 .89 

2148 .97 

2158 .89 

2168 , .89 

2178 ,80 
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FLUCTUATIONS AND SECULAR TREND OF NEW ZEALAND 
RAINFALL 


B}'- C. J. Seelye, Victoria University (College 


Summary 

Rainfall over the Dominion and eacdi island is snnnnarized,into an 
animal index, the 1911-40 mean being taken as 100. The dispersion of 
rainfall amongst stations in a given year is briefly discussed. The fluctua¬ 
tions in index from year to year are resolved into a longer period which 
correlates closely ndth the ll-year sunspot cycle and a shorter more 
irregulh,!' period averaging three years. The indices for 1863 to 1947 show 
a declining tendency at the average rate of at least four per cent and 
two per cent per centiuy for the North and South Islands respectively, 
hut such a trend implies a bias in the method of evaluating indices before 
1890 and a reasonable adjustment increases these trend rates to abcait 
seven and thn>e per cent per century. 


Introduction 

Althougi-i yearly rainfall totals are published regularly for all official 
recording stations in New Zealand, it is not easy to discover how the 
rainfall is changing from yeaT to year if the country is considered 
as a whole. Individual records and their history need to be examined 
critically before they can be incorporated satisfactorily into some 
Dominion-wide index. The first object in this paper is to explain the 
method adopted for con.strneting annual indices and to provide the 
complete list of values so obtained. These will be the basis of the later 
di.senssioii upon the character of the fluetiiatiou.s shown in the recorded 
rainfall of New Zealand. 


Annual Rainfall Index . 

Many investigations on rainfall are best started on a Dominion¬ 
wide basis and significant results can then be studied in more detail 
amongst records covering more restricted regions. To facilitate such 
studies it was considered desirable to have; an animal index summariz¬ 
ing the rainfall over the whole of New Zealand. One great advantage 
of grouping many records into a single figure is that the importance 
of individual errors is minimized, for, besides small errors in reading 
and recording, there may be some serious bias caused by the felocation 
of a rain-gauge or by the conditions of exposure being affected by 
expansion of buildings or altered with. tfie gradnal growth of trees 
and shrubs in the environs. As none of the longer, rainfall records 
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in New Zealand can be considered perfectly liomogeneons it is essential 
to consider several together before it is profitable to discuss secular 
variations. Although, whenever practicable, due allowance for site 
changes has been made by comparisons amongst overlapping records, 
the earliest gauges were too isolated for this method to be effective 
and further full details of their history were not always preserved. 

Because of the great diversity in the absolute amount of rainfall 
received in different parts of the country, rainfall for each station 
is best expressed as a percentage of its long period average. The average 
of these percentages at stations .spread over the country is then taken 
as the Dominion index for a given year, A similar procedure is fol¬ 
lowed in many other countries. To standardize the long period, the 
30 years from 1911 to 1940 were eho.sen, and 108 .stations in operation 
during that time were .selected for their length, regularity and dis¬ 
persion over the country. Any gaps m a record were interpolated 
by comparLsons with records from the nearest stations and in this 
way these 108 records were made complete over these 30 years. As, 
with only a few exceptions, these records are still being continued, 
a very reliable index was obtained from 1911 to the present date. 
Before 1911 the number of these standard records falls off, and a 
variable selection of records \vas used to give the index, the extra 
records introduced being suitably compared with standard ones. 
For the earliest years every availalble record wa.s employed, but it 
was not po.ssible to relate many of these even indirectly to the standard 
epoch. In .such eases the average over the whole of any early record 
was taken as 100 per cent; thereby fluetnatioiis from year*to year 
would be shown satisfactorily, but any secular trend would tend to 
be masked. 

Eainfall history coumieueed in 1852 with a single record and for 
the next year there were four records. Prom 1863 there were at least 
four records for each i.sland. A great expamsion took place in the 
nineties and the total number of records as ineorporated in the index 
reached 50 in 1893 and had increased to 108 by 1911. Indices for the 
years prior to 1863 should he regarded as crude approximations 
suffering from the limitations of the observational data, and their 
values do not enter directly into later calculations; from 1863 until 
about 1890 the indiees must be accepted with some reserve. In fact 
the discovery of a secular decline at a rate greater than that antici¬ 
pated indicated that the reduction of early records to epoch produced 
consisteiitly low mdm secular trend will be disciLSsecl in a later 
section, but it will be convenient to mention the suggested adjustment 
to the indices; 

To North Island Index add 2 for years up to 1880 

.1 for years from 1881 to 1889 
To South Island Index add 2 for years up to 1871 

1 for years from 1872 to 1884 A 

The complete list of index figures as evaluated for the tvb islands 
separately and then combined for the whole Dominion is displayed 
■ in.Taoie-'I, ■ 
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Table I. List of Annual Rainfall Indices 


Column A 
Columns B 
Columns C 
Columns D 


Wolfer Sunspot Number 
Rainfall Index 
Smoothed Index 
Residual 


Year. 

A. 

New Zealand. 

North Island. 

South Island. 

B. 

C. 

D. 

B. 

C. 

D. 

B. 1 

C. 

D. 

1852 

54 

no 

(110) 

4- 0 

_ 

__ 

— 

no 

(110) 

+ 0 

53 

39 

126 

(126) 

+ 0 

108 

(108) 

+ 0 

143 

(143) 

+ 0 

54 

21 

no 

121 

-11 

129 

(1291 

+ 0 

90 

143 

-53 

55 

7 

81 

108 

-27 

82 

128 

-46 

79 

126 

-47 

56 

4 

95 

96 

- 1 

86 

117 

-31 

105 

105 

+ 0 

57 

23 

92 

90 


103 

106 

- 3 

80 

89 

- 9 

58 

DO 

113 

90 

-f-23 

132 

100 

+32 

95 

82 

+ 13 

59 

94 

63 

93 

-30 

59 

• 101 

-42 

66 

84 

-18 

60 

96 

99 

98 

+ 1 

109 

107 

+ 2 

89 

91 

- 2 

1861 

77 

123 

105 

+ 18 

137 

112 

+25 

109 

100 

. + 0 

62 

59 

103 

109 

- 6 

97 

113 

-16 

108 

107 


83 

44 

117 

109 

+ 8 

115 

108 

+ 7 

118 

no 

+ 8 

64 

47 

98 

105 

7 

100 

100 

+ 0 

96 

108 

-12 

65 

30 

105 

101 

+ 4 

91 

95 

- 4 

118 

104 

+ 14 

66 

16 

93 

99 

- 6 

91 

94 

- 3 

95 

102 

- 7 

67 

7 

99 

100 

- 1 

103 

96 

+ 7 

96 

102 

- 6 

68 

37 

108 

102 

+ 6 

99 

99 

+ 0 

118 

104 

+ 14 

69 

74 

99 

103 

- 4 

102 

101 

+ 1 

95 

105 

-10 

70 

139 

102 

102 

+ 0 

94 

101 

- 7 

111 

104 

+ 7 

1871 1 

HI 

105 

101 

+ 4 

112 

' 101 

+ 11 

98 

101 

- 3 

72 

102 

97 

102 

— 5 

94 

103 

1 - 9 

100 

100 

+ 0 

73 1 

66 

105 

104 

+ 1 

107 

106 

+ ’ 

1 103 

102 

+ I 

74 

45 

104 

105 

- 1 

108 

109 

' - 1 

‘ lOI 

103 

- 2 

75 

17 

115 

105 

+ 10 

118 

109 

■+ 9 

112 

102 

+10 

76 

11 

95 

104 

~ 9 

99 

106 

- 7 

91 

102 

-11 

77 

12 

105 

104 

+ 1 

109 

104 

+ 5 

102 

104 

— 2 

78 

3 

102 

103 

- 1 

88 

103 

-15 

116 

104 

+ 12 

79 

6 

109 

101 

+ 8 

120 

102 

+ 18 

99 

101 

_ 2 

80 

32 

100 

100 

+ 0 

104 

103 

+ 1 

96 

98 

. - 2 ■■ 

1881 

54 

85 

101 

-16 

84 

105 

-21 

85 

97 

-12 

82 

60 

107 

104 

+ 3 

109 

107 

' + • 2 

106 

100 

+ 6 ■ 

83 

64 

118 

106 

+ 12 

124 

107 

+ 17 i 

113 

104 1 

: + 9. 

84 

64 

108 

105 

+ 3 

108 

104 

+ 4 

108 

107 1 

+ !■ 

85 

52 

85 

103 

-18 

80 

98 

-18 

91 

no 

-19 

86 

25 

111 

101 

+ 10 

97 

94 

+ 3 

125 

no 

+15 

,87 

13 

104 

98 

+ 6 

103 

92 

+ 11 

104 

105 

1 ■■ 

88 

r 

97 

93 

+ 4 

81 

91 

-10 

112 

97 

.+15 . 

: 89 

6 

84 

89 

— 5 

95 

91 

■+,4 

72 

89 

-17 

90 

■ '7 

86 

90 

- 4 

98 

95 

+ .3 

74 

86 

-12 

1891 

36 

86 

96 

-10 

89 

103 

-14 

82 

90 

- 8 

92 

73 

113 

105 

+ 8 

114 

112 

+ 2 

111 

98 

+13 

93 

85 

124 

in 

+ 13 

135 

116 

+ 19 

112 

106 

+ 6 

94 

78 

101 

112 

-11 

101 

114 

-13 

102 

ni 

- 9 

95 

64 

113 

, 108 

+ ^5 

110 

109 

+ 1 

117 

no 

.+ 7. 

96 

42 

103 

103 : 

+ 0. 

101 

105 

■- •5 ■ 

106 

104 

+ 2 

97 

26 

99 

99 

+ 0 

114 

103 

+ 11 

85 

98 

-13 

98 

27 

93 

99 

- 6 

91 

; 103 

-12 

96 

“96 

+ 0 

99 

12 

105 

101 

+ 4 

104 

102 

+ 2. 

106 

98 

+ 8 

1900 

: 10 

105 

101 

, +■ .4V 

109 

101 

+ ■8 

lOi 

99 

■■+-2"': 
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Table I. List of Annual Rainfall Indices 

Column A : Wolfer Sunspot Nunilier 
Columns B ; Rainfall Index 
Columns C : Smoothed Index 
Columns D : Residual 


Year. 

A. 

New Zealand. 

North Island. 

South Island. 

E. 

C. 

D. 

B. 

C. 

D. 

B. 

C. 

D. 

1901 

3 

96 

100 

- 4 

94 

100 

- 6 

97 

99 

_ 2 

02 

5 

101 

101 

+ 0 

99 

102 

- 3 

102 

100 

+ 2 

03 

24 

98 

104 

- 6 

102 

106 

- 4 

95 

102 

- 7 

04 

42 

116 

106. 

+ 10 

122 

no 

+ 12 

no 

104 

+ 6 

05 

64 

108' 

105' 

+ 3 

109 

111 

— 2 

108 

102 

+ 6 

06 

54 

94 

104 

-10. 

97 

no 

-13 

91 

97 

- 6 

07 

62 

108 ' 

102' 

+ 6 

127 

no 

+ 17 

89 ■ 

. 94 

— 3 

OS 

49 

98 

101 

- 3 

99 

109 

-10 

96 

94 

+ 2 

09 

44 

105 

102 

+ 3 

109 

107 

+ 2 

102 

97 

+ 5 

10 

19 

100 

103 

- 3 

105 

105 

+ 0 

94 

101 

- 7 

1911 

6 

101 

102 

- 1 

99 

100 

.- 1 

103 

104 

- 1 

12 

4 

104 

98 

+ 6 

102 

93 

+ 0 

106 

104 

+ 2 

13 

1 

99 

93 

+ 6 

89 

87 

+ 2 

109, 

100 

+ 9 

14 

10 

80 

■ 91 

-11 

72 

87 

-15 

89 

94 

- 5 

15 

, 46 

87 

94 

- 7 

92 

94 

_ 2 

83 

92 

- 9 

16 

55 

105 

100 

+ 5 

113 

104 

+ 9 

96 

95 

+ 1 

17 

104 

114 

105 

+ 9 

117 

no 

+ 7 

no 

100 

+ 10 

18 

81 

109 

105 

+ 4 

115 

106 

+ 9 

102 

103 

-r 1 

19 

64 

87 

100 

-13 

73 

99 

-26 

102 

102 

4- 0 

20 

39 

105 

95 

+ 10 

109 

93 

+ 16 

100 

99 

+ I 

1921 

25 

92 

94 

_ 2 

85 

92 

- 7 

99 

97 

+ 2 

22 

15 

92 

97 

- 5 

92 

97 

- 5 

92 

97 


23 

. 6 

104 

102 

+ 2 

104 

104 

+ 0 

103 

100 

+ 3 

24 

17 

112 

106 

+ 6 

121 

109 

+ 12 

103 

105 


25 

44 

103 

108 

— 5 

99 

no 

-11 

108 

107 

+ 1 

26 

64 

no 

109 

+ 1 

111 

no 

+ 1 

110 

106 

' + 4 

27 

69 

103 

109 

- 6 

107 

no 

- 3 

98 

105 

._ 7 

28 

78 

110 

107 

+ 3 

114 

107 

+ 7 

106 

104 

4- 2 

29 

65 

105 

101 

' + 4- 

103 

100 

+ 3 

107 

100 

+ 7 

30 

36 

. 85 

94 

- 9 

86 

93 

. - 7 

84 

94 

-10 

1931 

i 21 

92 

89 

+ 3 

89 

88 

+ 1 

94 . 

90 

+ 4 

32 

11'.. 

88 

89 

+ ■1- • 

87 

87 

+ 0 

89 

90 

„ 1 

33 

6: 

93 

92 

+ 1 

94 

92 

+ 2., 

.92 

93 

- 1 

; 34 

9 

.■ 94 .: 

99 

-5:.' 

88 

1 100 

..'-12 

, 100 

99 

.J- 1 

35 

36 

Ill ■ 

106 

.+• .5 , 

122 ■ 

107 ■ 

+ 15 

100 

104 

1 4 ' 

■■■■■■).. 

80 

115 

109 

' + -6- 

113 

1 no. 

■ + 3 

117 

108 

+ 9 . 

37 

114 

92 

108 

-16 

90 

108 

-18 

94 

109 

-15 

38 

110 

122 

105 

.+ 17 

127 

i 105 

+22 

117 

106 

+ 11 

39 

89 

.87 

101 

^14 

88 

102. 

-14‘ 

86 

103 

-17 

. 40 

68 

100 

loo 

.+ 0 

98 

1 ^01 Y 

- 3 

102 

100 

■ + 2 

1941 

... 48 

110 

101 

■+ 9 

in 

101 

+ 10 

108 

100 

+ 6 

.42. 

31 

99 

103 

- 4 

96 

102 

- 6 

. 101 

102 ■ 

'-'■1 .. 

.43 

16 

100 : 

105 

5 

102 

103 

-j." 

98 

.107 : 

- 9 ' 

44 

10 

114 

109 , 

. + '5' 

in 

105 

+ .6 

117 

113 

■+ 4." 

45 

33 

no 

112 

— 2 

97 

108 

-11 

124 

114 

4^10 . 

46 

, , 93 

1 108 

(108) 

+ 0 

i 109 

(109) 

1. -h 0 

107 

(107) 

+ 0 

' 47 

1 <156) 1 

'■ ■■ 96 ■■ 


+ 0 

: .0. 

(101) 

1 + 0 

1. ■ ■■■■ 

,91 


' + 0 
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Table II. Relative Ferquency of Annual Rainfall at New Zealand Stations 
(Total frequency reduced to 100) 



Rainfall 

centered 

at 

115 

■120: 

125 

130 

135 

140 

145 

150 

,155 

160 1 

165 

170 + 

Fre¬ 
quency j 

:7-2 

■6-.3J 

'.4■•4. j 

2-9 

2*1 

1-0 

d-g 


d-3 

0.2 ! 

0-i 

0'2 
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Dispersion op Rainfall 

From the various stations and for the years from 1901 to 1947, 
there were 4,821 annual rainfalls considered in deriving the indices, 
and tliese had the frequency distribution indicated in Table II and 
illustrated in Fig. 1. Throughout this paper any annual rainfall is 
quoted as a percentage of the mean amount for the period 1911 to 
1940 (which liappened to be one of the drier 30-year periods). 

The mean stands at 101-2 and the standard deviation is 19. There 
is a slight positive skewness, a feature which becomes more strongly 
pronounced in the distribution of monthly rainfall (Seelyc 1946). 
As noted in an earlier study on variability of annual rainfall (1940), 
occurrences of rainfall outvside the range 50 to 175 per cent are very 
rare and have been recorded only in a few low rainfall areas. It was 
shown also that the mean deviation of annual rainfall with few excep¬ 
tions ranged from 10 to 20 per cent, or what is equivalent, seeing that 
the general distribution is hot markedly different from a normal one, 
the standard deviation is 12 to 25 per cent depending on locality. 

Now, in the case of temperature, a warm year generally implies tliat 
all parts of the country are warnier than normal, but in tlie case of 
rainfall there is a greater divereity so that a generally wet year as 
indicated by a high index is almost certain to have some areas with 
deficient ramfall. A similar observation holds for departures from 
normal in the reverse direction. 

At the majority of stations the rainfall fluctuations from year to 
year referred to above have standard deviations between 15 and 20 
per cent, varying with their situations. On the otlier hand, considering 
the. dispersion of rainfall amongst the stations throughout the country, 
the standard deviation is tor the majority of years from 14 to 19 per 
cent. The most uniform distribution of rainfall in terms of percentage 
for normal occurred in 1863 when the standard deviation was only 
9 per cent, but only eight stations were involved. Several years since 
then have had the next lowest figure of 12 per cent. For greatest 
diversity of rainfall departure from normal, 1878 with a standard 
deviation of 33 per cent is reniarkuble. Strongly developed westerly 
situatipns appear to have prevailed, conditions remaining very dry 
in Hawkes Bay and Canterbury and exeeptionally Avet in the Southern 
Alps, Westland and Southland; and in September of that year niemor- 
; a,ble floods occurred in the riyerkrising in these regions. The dispersion 
wm next highest in 1907 With a standard deviation of 25 per cent, 
that year being particularly wet over the Auckland Provinec and 
fairly dry in Canterbuiy,Otago and Southland. The standard devia¬ 
tion in any year may be high or low irrespeetWe of whether the year 
as a whole is wet or dry. ■ 

It should be noted tha:t when deduced froiii 100 typical stations, 
the annual index representative of the whole Dominion will have 
a standard error ususdly of about one or two per cent. 
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indices therefore sIioav much the same variability as the rainfall at 
the localities Avithin the two islands where the rainfall is most reliable, 
and in taking an index over the whole Dominion a further slight 
reduction in variability is achieved. 


Annttal Rainfall Fluctuations 
Extremes 

The folloAving extreme years may be mentioned. The wettest years 
for tlie Dominion as a whole were 1853 with rainfall of 126 jier cent 
(approx.) Avhieli was Avettest in the South; 1861 A\dth 123 per cent 
(approx.), the Avetness being fairly general, Southland excepted; 1893 
Avitli 124 per cent, especially AA'et in Auckland and Nelson; and 1938 
A^dth 122 per cent, the most noticeable excesses occurring in eastern 
districts between Oaniaru and Whangarei. The driest years Avere 1855 
AA'ith rainfall of approximately 81 per cent and 1859 AAuth 63 per cent, 
then 1881, 1885 and 1930 each Avith 85 per cent and 1914 Avith 80 per 
cent. The last mentioned is the. Avorst drought year since the sixties 
but dry conditions in 1859, eA^en though its index is based on four 
records only, viz. Auckland 59, Heathcote Valley 57, Dunedin 88, 
and Invercargill 53 per cent, must haA^e been at least as severe and 
probably more Avidespread than in 1914. Maps depicting deviations of 
rainfall from normal are included in Kidson’s discussion (1931) on 
the four dry years 1914,1915, 1919 and 1930. 

Analysis 

The fluctuations from year to year, if graphed, present a very 
irregular picture. Their examination is facilitated if they can be 
separated into longer and shorter periods by obtaining a series of 
smoothed annual indices and noting the residuals respectively. The 
method of smoothing selected aa’-rs that described by Bullen (1938), 
Avho used Auckland City rainfalls as an example. Briefly, the method 
involves reduction of an index by 1/12 (or more precisely 3/35) 
of its fourth order difference, and. this process AAhich is symbolically 

(F.—^8,y„) 

is repeated until the fourth differences in the revised series become 
negligible, thus implying that betAveen Aa^c successive smoothed indice/ 
there ren}aius no more than one point of inflexion. The smoothed 
figures appear in column 0 of Table I, the residuals in column D, 
so that the actual rainfall index in column B is the sum of the 
entries in columns 0 and p. The two components aa’UI be discussed 
separately. 

The Long-period AND Sunspots/ 

As can be seen from inspection of Fig. 2, the smoothed figures 
correlate closely AAuth the AVolfer. sunspot numbers which are included 
in the first table. Correlation eoefflcients betweeii annual rainfall 
(mtsmootlied and smoothed) and sunspot humbers calculated for 
the 83 yeans 1863 to 1945 ineiusive, are shoAvn in Table III. 
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1860 80 1900 ZO ^ fJO 

VERTICAL SCALE I UNIT “ Wb FOR RAINFAU OR JS FOR SUNSPOT NUMBERS . 

FKv *2. Fluctuations orAinuial Kaiiifall vesolvocl into (a, b) longer iiiul (c, d) 


sliorUT jicriod c-oiniMments for the North and South Islands and 
(e) annual sunspot numbers. 


TAatB II I. CoKKKiaiCKTi!! of; CottBKLATidN BICTWEEN K.VlffFALL ANi) SimSPOT 
:• Nd.MBKBS ; ■ V 


j ,1 Unsnuiothed ha infall | 

Smootlu'd Rainfall 

North island 

+ 0.27 

+ 0.47 

South Island 

+ 0.16 

+0.31 ■ 

Nc\y Zealand 

,_+•■+ 0.2S 

■ + 0.42 ' 


The smoothed data show a...mueh either cpiTelatioii than the 
liiismodthed, and the North Islanddhan the ,South. This is in , general 
accord with the results of Kidsori;; ! 19^), %ho gaVe the correlation 
;eoefiScients for numerous individtt.al . records with sunspots, but the 
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majority of these values were less than those obtained in this jiaper 
from the composite rainfall indices for the islands concerned. 

Sunspot minima oeenrred in 1856, 1867, 1878, 1889, 1901, 1918, 
1928, 1988 and 1944. The average period is 11 years but to malce 
allowance for the two intervals of 12 years followed by another two 
of 10 years, these intervals were reduced and extended respectively 
in direct proportion to the average of 11 j'-ears. Treating rainfall and 
sunspots, averaging over seven complete ej'cles 1867 to 1948 and 
making an acyclic correction in the castoinary manner, results are 
obtained as .set out in Table IV and graphed in Fig. 8. 


'rAiir.K IV. Aveu.vcsk Tv.ainfai.l over an 11-ye.vu Srssi’or i'yoT.E 
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Table IV. Average Rainfall over an II -year Sunspot Cycle 


Year 

1 

2 

3 

4 

3 

6 

7 

1 ^ 

9 

10 

11 

Sunspot No. 

3 

14 

42 

73 

83 

82 

67 

50 

30 

17 

10 

North Is Smoothed 

iilJ 

100 

104 

107 

109 

108 

105 

102 

99 

97 

99 

South Is. ,, 

99 

99 

100 

102 

103 

103 

102 

101 

100 

99 

99 

New Zealand ,, 

98 

99 

102 

105 

106 

106 

103 

101 

99 

98 

97 

North Is.Hnsmoothed 

96 

100 

103 

107 

107 

113 

103 

97 

102 

96 

i 

South Is. 

99 

100 

96 

106 

103 

105 

101 

98 

102 

98 

99 

New Zealand 

98 

100 

100 

106 

106 

109 

102 

97 

102 

97 

■ 98 


Tlui.s tlic lonjr period fluetuatioii contains in the average cycle 
a variation over the range of 13 and 4 per cent for the Nortli Island 
and South Island respectively, and this goes closely in phase with 
tlve number of sunspots. If uiismoothed indices are used, as in the 
latter portion of the table, irregularities would be superposed on these 
graphs which idealize the cycle, but the number of sunspot cycles 
available for study is too small wlien account is taken of the variability 
of rainfall for the values of such smaller fluctuations to be accepted 
as significant. In the eoiirse of an actual sunspot cycle more ra])id 
fluctuations of various lengths but averaging three years are to be 
expect(Mh These Avill now be examined. 


The Three-year I’erioi) 

The residual rainfall has an average period Avhich can be evaluated 
after noting the times the cinautities in column D or the corresponding 
paph in Pig, 2 experience similar changes in sign. The average time 
interval between sueees.sive up-crossings gives the period, and thf' 
values found were 3-1 years for the North Island and 3-0 3 ^ears for 
the South. In deriving the former two oscillatings touching the axis 
and one very small oscillation were ignored. The New Zealand data 
lead to 2'8 j^ears or 3 0 j^ears according as three small movements 
near the axis of the graph are ineluded or hot. The separate intervals 
vary appreciably in len^li and t|ie fluctuations show a eonsiderahle 
Variation in their araplitiide. The average ranges of this short period 
fluctuation are 21 per eent,^^^l cent and 15 per cent for North 
Island,, fciotitli Island and New Zealand respectively, these figures 
heing averages of the range found for each complete oscillation. 
Similar values for the long period fluctuation are rather smaller, 
iiaiiiely 17 per cent, 13 per cent and 13 per cent respectively. 


^ Other determinations of approximately three- 3 ’'ear periods inav 
be mentioned; a 3v2-y€ar peiUod in rain^^ for North Auckland 
1 emnsula^and a 3-3-year period for temperatures in Wellington, 
Builen (1938) found a 3 -S-year period for Auckland City raiiifall, 

. studied variations over a three-year cycle in several 

|atures in _Au^ralian, weather as well as in pressure in various parts 
of the Avorld, Hjs analySfes Tvere based on means taken over exactly 
,. Jarnee c^eudar jrear^ so that flueth!#iun& in the period itself would 
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lead to an average cycle very much reduced in amplitude in all cases 
where the period was an irregular as in New Zealand rainfall. One 
irregularity was compensated for by omitting entirely certain pairs 
of years in which this cycle Avas assumed to be inoperative, there being 
no eAddeuce of it in tlie series of DarAAdn pressures in which a three- 
year cycle is normally strongly established. Kidson further observed 
that the Australian continent and Samoa exhibited this cycle AAdth 
opposing phases and that Ncaa' Zealand, being near the dividing 
position, would not expect to have the three-year etfects very fully 
developed, and offered evidence of an 18-inonth component Avhich 
Avas slight near the tropics but which became the predominant feature 
ill the cycle for the more .southern localities of the Australasian region. 

From close examination of the present data it is found that tlie 
short period oscillations for the North and South Islands agree 
intermittently in their phase. This state of affairs recurs near sunspot 
maximnni and endured over the actual year of maximum in five of 
the cycles, but in two others set in the year after maximum and in 
the case of the 1870 maximum not till the third year thereafter. In 
the intervening periods the disagreement betAveen the fluctuations 
for the tAVO islands appears to be a result not so much of pliase shift 
but rather of temporary A'ariations of the period. Even during the 
occasions Avhen the two fluctuations are similar their periods were 
variously from tAvo to four years. 

SeoiiijAr Trend 

Hitherto, it has been customary to assert that there i.s no evidence 
of any secular trend in meteorological elements which Jiave been 
systematically observed in New Zealand. HaA’ing the present indices,. 
a return is made to this problem to see AA’hether rainfall exhibits any 
general tendency to decline. Computing a linear trend is equiA’alent 
to finding the gradient of the straight line which fits the series of 
rainfall indices best in that the sum of squares of departux'es of the 
actual A’alues from this line shall be as small as ijossible. In Table V 
are the results of this calculation AAdlen applied to the rainfall indices 
for the years from 1863 to 19^7 and to their smoothed versions for 
the years from 1863 to 1945. As a result of the smoothing process, 
records jirior to 1863 enter indirectly into the values of the period 
used. 

T.uji.e V. -‘Avekacr Raikfai.1. Tkeno in PEROENT.VUE Decline i*er Annum; 



Tinsinoothed 

Smoothed 

North Islanil 

0.010 ± 0,00 

0.004 ±0.03 

South Island 

' 0.018 ±:0.0.5 

0.000 ±0.02 

Npw Zealand 

• ' 0.012 * 0.04 

0^004 ±0.02 


Fluctuations for indiAudual years about the trend line arb so large 
that the standard,errbrs for thb rates are much greater than the rates 
themselves, so that this evidehee of. a genetal decline is mconcliisiye, 
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30 yeaKs ending 

Fiu, 4. Running 30-.year means fov (a) North Islniul and (b) South Island 
linear trends. Dotted portions show results of revising indices for years 
prior to 1890. 


If leiigtli is .sacrificed in this .series hy takiiigr running SO-year ineaiis, 
a amopther variation is obtained as shown in Pig, 4, and a line can 
now be fitted to the means for the 30 years centred at the beginning 
of the yeans 1878 to 1933 inclasive. The .standard errors of the 
determinations are much reduced and results of significance obtained 
as set out in Table VI. 

Tahi.k AvEnAOE Raisfali, Treno in Perckntaok Dkclink i*kr .\NNnAr 
(From rminittg SOryear inean.^) 



Uiismoothed 

Smoothed 

^orth Islanfl 

0.043 ± 0.Qd8 

0.041 ±0.008 

South Island 

0,018 ±0:007 

0.021 ±0.007 

New Zealand 

0,020 ±0.000 

V ().021 ± ().«0r) 


Thus, by considering the past 85 years and giving less weight to 
the 15 years beginning and ending the series as is inevitable in taking 
rnnning means, there, is good evidence ofi a decline at the rate of at 
least fonr per cent per century in the North Island and two per 
cent in the ^outh Island. • v , 

, ; % i®ingas0lated r6(^#;f<^ :the es«wl^' indieesit was tacitly assumed 

‘ ^ tee was no Ndur ^ trend has been established 
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it 1)60011108 clear that before 1890 the indices will tend to be consistently 
low. To overcome this defect it ivas assiniied that a record should be 
compared with the general run of the indices for the appropriate 
island in those cases where comparison cannot be made with a standard 
record. This should remove any systematic error. The adjustments 
recommended of one or two per cent to years before 1890 have ali’eadj^ 
been mentioned with the presentation of Table I. After revision of 
the 30-year means as shonm in the raised portion of the graphs in 
Pig. 4. the linear trends were recalculated as follows: 


'r.VIlI.H t'll. RkVISKI) I’kEND.S—^I’RBOEXTA tJE DiCCLI.VE Vm 


North Tslaiifl 

0.007 

South I.slantl 

0.fl.3.‘j 

New Zealand 

0.050 


Of course tlie description of the slow movements of the rainfall 
as a linear trend is an over-simplification, for even with the SO-j^ear 
means there are considerable variations. There is no basis for deciding 
whether an average linear trend is likely to be a persistent feature 
or whether rainfall is in the jiroeess of undergoing some large scale 
oscillation with the prospect of many years of increasing rainfall 
ahead. The graphs do show some recovery in the most recent period, 
more strongly for the South Island than for the North, but how 
permanent this recovery is must remain an open question in the 
meantime. 

There is no special virtue iu usiiig 30 years as the period for the 
runuing means but such an interval is commonly used iu presenting 
climatological data. An interval of 33 years embracing exactly three 
sunspot cycles of average length should give slightly smoother varia¬ 
tions but tlie variabilitj' of the sunspot cycle makes this advantage 
too smairto justify the use of a 33-year period in place of the con¬ 
venient 30-year period. 

Prom the revised indices from 1863 to date, the highest and lowest 
30-yo>ar inemis are shown ill Table VIII; 


Tabu: VIII. Extreme 30-ye.\k Means of R.unfaix 



Highe.«it 

Lowest j 

Mean 
Rainfall , 

Period 

Eliding 

' Mean 
Rainfall 

Period 

Ending 

Nortli Island: 

104;5 

1900, 

100.(1 / 

1937,‘1940 

South Island 

10-2,7 

- : .1890 

98.2 

! 1918 

New Zealand . 

;; vlOO ' j 

[ . ' ■1396 

to 

1934 \ 
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Long Eange JForecasting 

As the three-year period can outAveigh the rainfall variation pro¬ 
gressing in harmony with the sunspot numbers, some more definite 
order in the apparent irregularities of the former requires to be 
discovered before a reasonable basis can be established for developing 
long-range forecasting. 

Kidsbn’s comprehensive survey of the three-year cycle merits 
extension and also revision and elaboration if it can be shown that 
tlie variation in periodicity about an average of some three, years is 
a real and systematic feature, not onlj" of rainfall but of other meteoro¬ 
logical elements as observed in the South Pacific region. 
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CORNISH STONE AND FELDSPAR IN NEW ZEALAND 

By J. Henderson 
Summary 

Cornisli stone lias long lieeu indisjieiisible to tlie potter. It consists 
essentially of feldspar and quartz, but some consider that its place in 
the ceraniic industry can adA’antageonsly be taken by feldspar, which is 
more uniform in (foiuposition. The original Cornish stone is a granite, 
rich in feldspar partly decomposed to kaolinite, and containing a small 
amount of fluorspar. For use in white M*are the FeaOa content .should not 
be above 0.5 per cent. The .sum of the alkalis should exceed 10 per cent, 
the lime content should be less than one jier cent, and up to 10 per cent 
of free quartz seems to be generally acceptable. 

Likely sources of high-grade stone are the granites, pegmatites and 
aplites of Nelson, We.stland, Otago and Stewart Island, and the rhyolitic 
and trartiytie volcanic and dyke rocks of North Auckland, Hauraki- 
Rotorua, Catvte.vlmry and the Dunedin district. 


Introduction 

The early Egyptians, tvlio made the olde.st dated pottery, attributed 
its invention to the gods. At first their vessels were soft and porous and 
held together by the bond developed when the kaolinite of clay lose.s 
its water by heat, but later the Egyptians used a glaze of rich turquoise 
blue made with alkali, probably the “natron” of the soda lakes of 
Egypt. The term “porcelain” designates pottery to which firing has 
imparted incipient vitrification inid, with vitrification, translneeney. 
This, the highest quality of pottery, originated in China where it is 
made from a mixture of kaolin and granite or kaolin and pegmatite. 
The mineral that gives ordinary clay its properties is kaolinite, a 
decomposition product of the feldspars. Commercial kaolin consists 
largely of kaolinite suificiently low in iron-bearing impurities to bur'n 
white or nearly white. Kaolin melts at a very high temperature and 
the vitrification to which the procelain owes its properties is due to 
the feldspar added to tlie ware in the form of granite or pegmatite. 
This the Chinese call “petuntse”; in Europe the potters term it 
“Cornish stone”, “China stone”, “inoorstone”, “growan stone” or 
“grawen.” CornislT stone has long been indispensible to the potter. 
It consists essentially of feldspar and quartz, but some consider that 
its place can be advantageon.sly taken by feldspar wliich is more iuii- 
form'in composition. 

The bodies of porcelain and earthenware consist essentially of 
materials resistant to heat, together with others that melt in the kilns 
and bond the v'hole. The common refractory materials are kaolinite, 
silica, bone ash and tale, and the fluxing material is feldspar alone or 
mixed with substances still more fusible. The proportion of feldspar 
in the body mixture usually ranges from 10 to 30 per cent, the 
amount depending on the temperature of firing and the purpose for 
which the article is designed. Spriie dental porcelain contains as miteh 
as 80 per cent. If too much feldspar is present the article may Ipse 
its shape in the kiln; if, on the other hand; there is tooTittle, it may 
be lindtily . porous or insufficiently strong. All ware except the poree* 
lains are porous and absorbent unless they are glazed. Usually the 
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“biscuit’? is_dipped in, or painted with a liquid containinj? huely 
divided feldspar and other fluxes in suspension, and then reheated to 
melt the glaze so that the impervious coating is formed. 

Igneous rocks generally consist of about 60 per cent of feldspar, 
nhich also forms a substantial proportion of many sedimentary and 
metainorphic rocks. Some igneous rocks consist almost entirely of 
feldspar, and in others the mineral crystallizes (uit so coarsely that 
it may be separated out by cobbing. Again some rocks cf)nsist largely 
of feldspar and quartz and, if the proportion of iron-bearing minerals, 
objectionable to potters because they discolour the ware, is sufficiently 
low, .such rocks are used as a source of feldspar, the proportion of 
silica added to the body mixture being reduced to allow tor the 
quartz in the rock. Such rock is termed “Cornish stone” from a 
deposit in Cornu'all used by potters. The original Corni.sh stone is a 
granite rich in feldspar partly decomposed to kaolinite and contain¬ 
ing a small amount of fluonspar; such material is softer and more 
easily pulverized than completely linaltered rock. The analysis of a 
commercial Cornish stone quoted (No. 1 of Table I) shows a content 
of 0-5 per cent of FegOa, an amount that should not be exceeded 
for Cornish, stone used for white ware. More than one per cent of 
PeoOa ill the flux will yield a product altogether too dark. Pew rocks 
are sufficiently low in iron-bearing minerals to be .suitable for white 
ware. These minerals are mentioned below as tlie impurities of feld- 
spar.s; and, as some can readily be removed by magnetic extraction, 
granites and other rocks of similar composition are included in thi.s 
account, provided the iron content, expre.wd as PeaOs, doe.s not 
greatly exceed 1 per cent, in the expectation that in some at least 
of the rocks, the iron content could be reduced enough to make the 
rock usable. 

Atmospheric weathering or volcanic emanations may in part' 
decompose a feldspar-bearing rock and cause it to disintegrate. Water 
may transport the detritus, sort it, and lay down beds of different 
textures and compositions. Some of such sedimentary deposits may 
have value as sources of feldspar. 

Peldspars are compound silicates of alumina, the alkalis and the 
alkaline earths. The common ones eontnin potash (orthoclase) , soda 
(albite) , or lime (anorthite). Small amounts of other related elements 
are likely to be present; pure minerals are rare. The soda and Time 
; : feldspar forme, a eontinubns series ranging from albite (Na 20 .Al 208 
6Si02) to aiiorthite (CaO.AlaOs.SSiOw), through oligocla.se (Ab6- 
:Unl), andesine (Ab3r-iAnl) labradorite (AblAnl-3) to bytownito 
(AblAn3-6). These are the plagioclases, whieb crystallize in the tri- 
elinic system, whereas ortboclase (KaO.Al^Cla.GSiOo) is monoelinie. 
Peldspars of two mineral species are often intergrown, commonly 
potash, with soda or with the plagioelase members, but not potash 
with lime feldspars. 

^ The physical properties of the feldspars are similar. The several 

K have abont #ie same.hardness-(6 to 6-5) and good cleavage 
pofpns, W-tinty eolonrs’are white, cream, 

streak is 
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white and the lustre pearly to vitreous. The specific gravity of ortho- 
clase is 2-57, of albite 2-63, and of anorthite 2‘75. The iiielting points 
are respectively .1,200®C, i,100°C and 1,530°C. 

The chief accessory minerals with commercial feldspars, either 
included in the crystals or bonded to them, are quartz, muscovite, 
biotite, garnet, beryl, tourmaline, the ferromagiiesian minerals (augite 
and hornblende) and the iron ores (magnetite, ilinenite and haema¬ 
tite). The common decomposition products of the feldspars themselves 
are quartz, serieite, kaolinite and zoisite; these affect the fusibility of 
the feldspars, but in small amount are not objectionable. The iron- 
bearing accessories (biotite, garnet, tourmaline, ferroniagnesians, 
iron ores and their decomposition products) are positively deleterious 
ill that they tend to discolour the wmre. As far as practicable these 
minerals should be reduced by selection of material and by magnetic 
extraction. 

In Europe and America there are market grades for the feldspar, 
though these are difficult to define and maintain Giving to the irregu¬ 
larity of the deposits and the inconstancy of.the mixture of feldspai 
minerals even in the same deposit. The sum of the alkalis in an analy¬ 
sis should exceed 10 per cent, the lime should be less than 1 per cent, 
and up to 10 per cent of free quartz seems to be generally acceptable, 
though some American potters requird under 5 per cent. The second 
grade should not contain over 25 per cent of free quartz, an amoutit 
very little less than the average in alkali-granite or in Cornish stone. 
The feldspar should be sufficiently free from iron,, i.e., containing say 
0-1 per cent of FeaOa to melt to a clear white or .slightly tinted colour, 
Avitli dark specks due to particles of iron-bearing minerals. In pottery 
bodies high-potash feldspars are preferred, whereas for glazes the 
more fusible .soda mineral is fisecL In glass making, feldspar is pri¬ 
marily a source of alumina, so that the more aluminous lime feldspars 
are probably suitable, and free quartz is undesirable. 


Granites and Pegmatitos 

Ill New Zealand graiiite.s and pegmatitesoccur in dtu oiily in the 
fSouth Lslaiul. They .cover many Imnclreds of .square miles in. West 
Nelson, extend in patches in front of the Alps through Westland, and 
are abundant ill West Otago and 8te\vart Island. 

(.Iranite is a rock made qp of crystals of quartz, feldsxiar, and 
mica, with sundry other minerals in minor amount. The crystals and 
grains, though readily distinguishable, are not, in general, .so large 
for it to be practicable to break the rock and pick out by hand large 
quantities of a particular mineral. The pegmatites are exceptionally 
c(.)arse-grained rocks that tisiially form veins and irregular masses in 
graiiit.e, or ;in rocks adjacent. to granite,: They are considered to be 
formed from the last part of a granitic magina to crystallize. Some 
consist chiefly of: quartz, in ptheW feldspar predominates, and lii still 
others these rninerals seem to have crystallized at the same time so 
, . that the qu.artz occurs in diseonneeted but optically continuous patcihes 
In the feldspar as. prisms, and wedges .witlj,, angles of 60^, reealling 
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cuneiform muting and giving rise to “graphic” structure. Orthoclase 
and quartz in graphic intergrowth consist of a mixture of 72-5 per 
cent of the former and 27*5 per cent of the latter. 

West Nelson Granites 

Clranite in West Nelson is exposed over an area of more tluin 
2,000 square miles. The rock forms much of the mass of the highlands 
and is disposed in three meridionally-trending belts. The most easterly 
belt extends south from Separation Point to Mount Murchison, a dis¬ 
tance of over 70 miles and averages at least 5 miles across. It forms the 
front ranges of tlie highland overlooking the Nelson lowlands from the 
west and is probably the mo.st readily accessible granite in New 2jealand. 
In Wellington the Post Office and Public Trust buildings are faced 
with stone from Tonga I.sland which lies in Tasman Baj'' and is part 
of this granite belt. The belt next to the west is larger, extending 
from Kahnrangi Point to Ahaura River, a distance of 120 miles, and 
averaging about 12 miles across. The west belt forms the coastal range 
between Greymouth and Westport and extends north in isolated 
patches to Kongahu Point. 

The granite of the eastern belt is not only the most accessible but 
in general it also seems to be ie.ss firmly bonded than the rocks of the 
central and western belts. This allows of deeper weathering and sug- 
ge.sts the possibility of obtaining suitable material by washing tire 
kaolin or other commercial products from tlie decomposed rock. Some 
tests to this end have already been carried out (see below). 

Half a dozen analyses of rock samiiles from places far apart on 
the Separation Point—Mount Murcliison granite belt are available. 
In all samples soda is about 50 per cent higher than potash, and the 
iron content, expressed as FeaO», ranges up to 2-4 per cent and aver¬ 
ages about 1-4 per cent. The analysis quoted by Taylor (1943) of a 
sample from Tonga Island is considered typical of the normal rock. 
It contains T36 per cent of FeaOg an amount that magnetic extraction 
after grinding would probably considerably reduce. An analysis of a 
sample from Pearse Stream is quoted (No, 2, Table I); another sample 
from Brewery Greek, a branch of Owen River, contains only 0-69 
per cent of FeoOa (No. 3, Table I). 

On the other hand the, seven Samples analysed from the great rock 
bodies of the central and western granite belts of West Nelson show 
FesQa contents averaging 4-5 per cent and ranging up to 6 per cent. 
In these rocks the pota.sli is equal tOj or, decidedly greater than tlie 
soda (Morgan and Bartruin, 1915, pp. 105-6; Henderson, 1917, j^p. 
W9-10). Some of these rocks might perhaps be classed as grano- 
diorites; none contains as small an amount of Fe^Oa as does the richest 
irombearing granite from the eastern belt. According to G. W. Tyrrell 
(1926), tlie average FeaOs content of 19 typical granites is 3-5 per 
■■cent. ■ . 

In places the granite of the eastern belt is decidedly pprphyritic 
and there are large masses of the rock in .Which crystals up to 4 iiiehes 
long of imle-pihk dsftoelase form a substantial proportion. Mr T d. 
McKee, of Mapua, in ^tetter d^d 6 Alarch, 1945^ writes, “A possible 
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source of feldspar may be the partly decomposed granite along the 
coast [of Tasman Bay] from Biwaka ... to Separation Point. Where 
the rock is porphyritic, crystals of feldspar could be separated by 
screening the weathered granite after quarrying. I am sending a 
sample of crystals from a road cutting about one-and-a-half miles 
west of Ngaio Bay, north of Kaiteriten. Here the granite is very 
weathered and friable. 

“In places crystals would compose about 50 per cent of the rock. 
They could be cleaned by washing and ‘rumbling’ to wear off the 
soft material. I notice, though, that there are inclusions of iron¬ 
bearing minerals. . , I think tliere are commercial quantities of feld¬ 
spar crystals in the weathered granite.” 

The sample of crystals had fragments of the rock matrix attaelied 
and wJiere broken across sknved regular zonings of inclusions. They 
Avere examined in the Dominion Laboratory and the analyst reported 
that the sample (L. 509)* contained 11-20 per cent of potash and 
2-95 per cent of soda. Lime was either absent or occurred in only 
very small amount. If all the alkalis ai*e present as feldspar, whicli is 
practically certain, the sample contained 93 per cent of alkali feld¬ 
spar. The iron present Avas equivalent to 0-75 per cent of ferric oxide. 
The analyst states that, -when fused at about 1,250°C, a light-grey 
glass speckled Avith reddish brown to black specks was formed. These 
specks Avere due to particles of iron ore AA'hich could largely be re¬ 
moved by magnetic extraction. The colour Avould then be satisfactory 
for pottery. 

In CoriiAvall, Devon,, arid North Carolina, decompo.sed granite is 
Avashed in large amount and the fine fraction, consisting chiefly of 
kaolinite, is sold as commercial kaolin. Praginental iniea is also 
separated ont. As already noted the granite of the eastern belt has 
been deeply attacked by weatliing agents and in places is readily 
friable for 20 feet or more from the surface. In zones of crushing or 
stress this depth is no doubt much greater. The decomposition is not 
everyAVhere due to the present cycle of erosion for, where depovsitional 
contacts of Tertiary strata and the granite are exposed, the underlying , 
rock is deeply altered and crumbles readily in the hand. This applies 
also to the rocks of the western belt, and in parts of the Westport 
Coalfield it is not easy to say within a few feet where, in a blended 
luieonforniity, the Eocene coal-measure grits end and the gneiss be- 
.. gihs. ... 

B. L. Taylor (1943 ) prospected and .sampled masses of decomposed 
granite near the Baton Saddle on the edge of the high country 30 miles 
Avest of Nelson. Here the deeplj'^ altered rock is traversed by many 
shear plane.s and is also overlain by strata of middle Tertiary agc\ 
The samples tested yielded bn Washing about 30 per cent of material 
fine enough to be classed as clay. This consisted of from 35 to 65 per 
cent of alkali feldspar, the other constituents being chiefly quartz 
and kaolinite. Unfortunately, except for one sample from a AA-ell- 
Aveathered, outcrop, these feldspathic clays yielded fusbd products far 
top dark to be of use in potteries., , 

* L. 509 is tile reference Jiumber of the saniple in the Dominion Laboratory, 

.Wellington,.' 
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Mr T. J. McKee lately has forwarded samples from other localities 
ill the district where decomposed outcrops of the same granite are 
exposed. The first is from the Waihero Valley, a mile and a half south 
of Pang-atotara; here weathered granite shows for a few^ feet above 
the water cliamiel along the road for many chains and apparently 
extends into the hillside, being covered only with soil. The second 
sample is from sideling cuttings on the same Low’er Moutere—^Ngati- 
nioti Eoad from the church doAvn to the flats of Orinoco Stream, a 
distance of 50 chains. Tlie third sample is from alluvial [ (?) residual] 
sand and clay resting on granite exposed along the Orinoco—^Neudorf 
Road 5 chains from the Thorpe-Ngatimoti Road. Two other samples 
Avere obtained from Mr C. Boyd’s property in the Sherry Valley, 4 
miles south from Matariki Post Office. McKee separated the clay 
fraction, made up of particles less than 0-01 mm across, from all but 
the first, Avhieh Avas washed hi the Dominion Laboratory through a 
300 mesh Britisli .standard siei^e. The results of the laboratory tests 
are shoAvn in Table I, together Avith those of the Baton granites for- 
AA’arded by B. L. Taylor. The clay fractions, calcined at 1,150°C, 
jdelded products as follow's:— 

(1) Completely vitrified AA'ith tendency to soften. Uniform light 
grey. Very fusible. 

(2) Vitrified, tending to soften. Light cream Avith some specks. 

(3) Vitrified, edges sharp. Light brown, numerous dark specks. 

(4) Completely vitrified and softened at edges. Greyish-white 
• AA'ith minute dark .specks. Very fusible. 

(а) Vitrified, edges sharp. Biscuit brown. 

(б) Completely vitrified, beginning to soften. Brown. 

(7) Very hard, incipient Autrification. Pinldsh grey. 

(8) Very hard, incipient Autrification, Pinkish grey. 

The analyst comments on the samples No. 1 to No. 5. No. 1 he 
considers should be useful as a feldspathic fiux for porcelain insula¬ 
tors and Nos. 2 and 4, AA’ith more careful AA'ashiiig, Avould probably 
have A'alue for the same purpo.se. 

The samples are clay or fine silt, in the sense that the bulk of the 
particles are very small though they consist chiefly of feklspar and 
quart? and of kaplinite and 40 per'pent of feldspar, including over 10 
tablej which is coniparabie in its content of alkali metals Avitli samples 
No, 1 to No. 5, of AA’hieb Taylor (1943, p. 86) quotes a complete analy¬ 
sis, had a theoretical mineral composition of about 24 per ceirt each of 
quartz and of kaolinite arid 40 per cent of feldspar, including over 10 
per cent of lime feldspar present also Avitbout doubt in samples No. 
1 to No, 5. Dr Hutton examined samples No. 2 to No. 4 under the 
microscope and reports that feldspar and quartz makeup the bulk 
of each. The feldspars are partly kaolinitized and some kaolinite is 
present. The aceessories are similar in; quantity and composition to 
those in the Baton granite (Taylor, 1943, ,p. 84). \ 

In the central and Avestern belts, outcrops of decomposed granite 
from Avhieh there is, some prospect of obtaining' commercial feldspar 
or G(mnish: stoim : by washing, are not knoAvn. The gneiss and granite 
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of the Charleston area were deeply weathered before the deposition 
of the Tertiary strata in that district, the former to a biotitie clay and 
the latter to a good-grade kaolinite with grains of quartz. 

^'Vest Nelson Pegmaiites and Aplites 

Dykes of light-coloured igneous rock occasionally transect outeroxis 
of granite or the sedimentary rocks intruded by them. These are two 
kinds, coarse-grained, termed pegmatites, and, less common, fine¬ 
grained, knoAvii as aplites. Both in a general way corresxjond in mine¬ 
ral and chemical composition to their parent rock-body, though usually 
they are richer in alkali feldspar and quartz minerals that tend to 
crystallize late. Both rocks are thought to be products of the solidifi¬ 
cation of the magmatic residue squeezed by earth pressure from the 
partly crystallized rock mass now forming the granite body. The peg¬ 
matites were rich in water and other volatiles that made tor great 
fluidity and slow crystallization at comparatively low temperatures, 
so that the veins may be thin, branched, grade into the wall rock, 
and contain large crystals and mineral aggregates. The fine even 
grain of the aplites and their sharply defined contacts suggest small 
amounts of volatile constituents, quicker cooling and less mobility. 

Ill the Baton district a large dyke of undeeoinposed pegmatite ex¬ 
posed in a cutting on the road between 3 and 4 miles from the iunction 
of the Baton vdth the Motneka has been quarried for use as Cornish 
stone. In a hurried visit the -width of the dyke was not established but 
it is at least half a chain across. The rock consists of a fairly coarse 
matrix of quartz, white feldspar and biotite containing niunerous 
larger crystals of pink orthoelase. An incomplete analysis is given in 
Table I (No. 4) and from this, the rock theoretically contains 71 per 
cent of alkali feldspar together with 5 per cent of lime feldspar. 

A fine even-grained granitic rock, iirobably aplite, though its 
boundaries were not observed, outcroxis on the road up Dart River 
about a mile upstream from the Wangai:)eka. The analysis (No. 5, 
Table I) shows that the rock is about two-thirds feldspar and is quite 
low in FeoOs (1-08 per cent). 

The usual acid dykes and veuis croi^ out in the va.st masses of tlie 
central granite belt of West Nelson but only one analysis of such 
a rock is available. This is of a sample from a small vein of micro- 
granite traversing porphyritic granite exxiosed on the fell fields of 
Mount Albert half a mile south-east from Trig. GA, -vvliich is 9 miles 
south-east from Reefton and in a hopelessly inaccessible locality. This 
is No. 6, Table I, and is quoted to show that dykes low enough in iron 
to be interesting to the iiotter may occur in the belt, 

A very few analyses of acid dyke roelcs connected with the granites 
of the western belt are available. One (No. 7, Table I) is that 6f a 
.sample from a strong dyke of aplite traversing schistose greywacke 
on the old inland track from Seddom’ille to Karamea about lOO chains 
north-ea.st from Mount Kflniarnoek. A second analysis (No. 8, Table I) 
is of a sample from a large mass of pegmatite; shownng graphic 
structure and containing, garnet,, exposed in the upper valley of Otn- 
tutu River. The locality, in the heart of the Paparoa Mountains, is 
highly inaeeessible. 
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Gray g’ueiss and gneissic granite are the basement rocks of the 
Charleston district, on the coast 20 miles south of Westport. They form 
a platean-like shelf of several square miles eliffed along the shore and 
disappearing inland toward the Paparoa Range under gently dipping 
Tertiary strata. Patche.s of coal measures, the lowest beds of the 
Tertiary seqaenee, occur on the shelf and there are also extensive 
deposits of young gravels and .sand.s. Gneiss is contimiously exposed 
only along tJie coast and the banks of the deeply entrenched streams. 
Its "banding is Avell marked though somewhat irregular, and does not 
seem to influence the disposition of the numerous dykes of pegmatite. 
These appear to have no great lateral extent and are all very irregu¬ 
lar both in course, dip, and thielmess. Only the pegmatite dyke at the 
‘Old Mica Mine’ (No. 9, Table I) and the one at Deep Creek are 
known to be in parts more than 10 feet thick, but smaller dykes up to 
4 feet across are to be seen in most of the larger outcrops of gneiss. 

The following description of the dyke at Deep Creek is quoted 
from an MS. report dated February 1945, by Mr IT. W. Wellman. 
‘ Deep Creek crosses the Westport-Greymouth Road three miles south 
of the site of the old town of Charleston and 20 miles south of Westport. 
The feldspar is contained in a pegmatite dyke about 70 feet above the 
stream and 30 chains east of the road. From the road to the dyke Deep 
Creek flows in a 100 feet gorge cut through Recent gravels covering 
the surface of the pakihi terrace, and is now -well entrenched in the 
underlying gneiss. Immediately below the dyke is a dam which blocks 
the upper end of the gorge and forms a lake. The track to the dam 
follows the open pakihi along the edge of the gorge. The route is 
direct and, except for a sharp rise of about 30 feet from the road, 
almost level,: but the surface of the pakihi is too swampy for wheeled 
vehiele.s and will have to he metalled before lorries can reacli the 
deposits ... 

“The pegmatite dyke is exposed both in the face of the gorge and 
ill a trench a chain long at terrace level. Outcrops in tlie gorge show 
that the dyke is about a ehahi wide; the north-west v'-all is exposed 
below an old pipe line and the south-east wall near the froiR of the 
trench. The downward limit is marked by a clear-cut horizontal con¬ 
tact in the face of the gorge 25 feet below the top of the terrace. Away 
from the gorge the .extent of the dyke is not known, but the trench 
shows that it reaches hack for at least a chain. The trench also shows 
that as much as 4 feet of Recent gravels overlie the dyke. These gravels 
do,not increase in thickness away from the gorge and, by trenching, 
it should not be difScuIt tovtrace the dyke further. The volume of 
pegmaitite rock at present proved by the trench and the gorge is not 
more than 3,000 cubic yards, which is equivalent to about 6,000 tons. 

“The dyke is composed of quartz, feldsphr and muscovite with an 
occasional 3-ineh crystal of beryl. Quartz is the most common constitu¬ 
ent and is in the form of large translucent blocks without crystal faces. 
Some of these blocks near the centre of the dyke are as much as 10 feet 
long. Mica forms about 10 per cent of the pegmatite butj though 
many of the mica cry^ls are 6 inehes across, imperfections of various 
types make it quite impossible to obtain useful sheet mica from the 
deposit. It is not easy to .^timate the.proportion of recoverable feld- 
for although oyer of; originally feldspar, 
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mueli lias decomposed to kaolin, and niuch is finely intergrown with 
quartz. Some, perhaps 10 per cent of the body of the rock, is in the 
form of large unweathered crystals and a slightly larger proportion 
is only partly weathered. 

“The weathering of the dyke is deep and does not appreciably 
decrease away from the original ground surface in the trench, con¬ 
sequently no abrupt imiirovement is likely if the trench is deepened. 
Discolourations due to iron oxide and conspicuous in the joint planes 
of the feldspar reduce the value of the deposit. Feldspar exposed in 
the face of the gorge and loose fragments sluiced down to the dam 
and exposed for about two years are relatively free of iron, a fact 
.showing that prolonged weathering removes the iron. 

To sum up: The Deep Creek depo.sit is well placed for easy 
working, for spoil can be dumped in the stream without difficulty 
and mining can be facilitated by an adequate water .suppljL Access is 
relatively good and the bulk of the rock is .so soft that it can be 
worked without explo.sives. On the other hand only a small tonnage 
has been proved, a]mo.st all of which is badly iron stained.” 


Westland Granites and Pegmatites 

In North and South Westland mountains and hills of granite lie 
in front along the north-west margin of the Southern Alps from which 
they are separated by a great fault. They are thought to be the rem¬ 
nants of the southern extensions of the West Nelson granite belts in 
a foreland depressed by crustal stresses and partly overridden by 
the earth block that forms the Alps. Streams and glaciers from the 
main highlands have cut across the granite belts and divided them 
into several isolated ma.sses, most of which are completely surrounded 
with alluyial deposits. Only one analysis of granite from North West-^ 
land is available. This is from the Mount Rangitoto mass, 8 miles south 
of II 0 .S.S (Morgan, 1908, p. 135), it contains too much iron to be of 
use to potters. Pegmatites and aplites also occur in North Westland 
(Ibid., p. 133) blit no analysis of such rocks seems to have been made. 

Hills of granite and of the intruded greywacke are common in 
South Westland though the area of the granite is not so large as that 
in North Westland (Wellman aiid Willett, 1942, map opp. p.302). 
Acidic dykes traverse the intruded rocks west of the great fault and 
there is also, in the gneisses and schists east of the fault in the Bine 
River Section of the front highlands, an extensive zone of dykes and 
sills of pegmatites. Elsewhere in Westland neither dykes nor sills,of ^ 
acidic rock have been recorded east of the great fault. The only 
information on these deposits is from oral statements by Mr W. Heinz, 
manager of the mica mine which was worked in South Westland dur¬ 
ing 1944 and 1.945, and from a short report by Mr H. W, WeUman 
of the Geological Survey who examined the mica deposition two or 
threeoccasions.MrWellmanreportsasfollows:-— 

“The feldspar forms a variable part of pegmatite dykes and sills 
assoemted with granitic intrusions* The, dykes and sills extend for ' 
^bout; a mile on either side of the Alpine Fault and intrude both 
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•iveywHcke and schist. They cover a Avide area but only those near 
either the road or the track have any present importance. 

“The main road from GreAunouth. Hokitika, and Ros.s ends a few 
miles beyond the bridge OA^er the Paringa River and is continued by 
a 10 foot pack track. The distance of the bridge to the railhead at Ross, 
100 miles, makes road transport prohibitive. From the bridge to the 
nearest possible shipping point, Bruce Bay, is eleven miles. The Bruce 
Bay timber mill closed because of shipping difficulties and since it 
ceased to cut timber a rapid deterioration of the shipping equipment 
has taken place,, and it Avould be uiiAvise to assume that anything 
could be shipped from Bruce Bay in the near future. 

“The most accessible deposit shoAvs in the bed of a small sstream 
10 chains south of the road and 14 chains Avest of the bridge over 
Paringa River. TAyo pegmatite dykes, are exposed each about 10 feet 
wide and ('ontaining fk-tmi- 80 to 90 per cent of feldspar. They intrtide 
jointed gbeyAvacke anfiBare overlain Avith 10 feet of moraine, an OA^ei*' 
burden that makes it..impossible to trace the deposit aAvay from the 
(U’eek and reduces ,theii.amount of cheaply producable feldspar to a 
tW hiindred tons at most. 

“ Similar pegmatite crops out beneath moraine farther Avest toAvard 
Lake Paringa, but is quite inaeeessible. Crushed feldspar has been 
rejiorted at two points in the same general, locality ,a feAV chains .from 
the track, but though searched for aa’Rs not found. There is a good 
chance that a large deposit’Avitli little oA'erbnrden may yet be found 
in the .neighbourhood. ,/■' . • 

“Good feldspar occurs at' .fhe Mica Mine but all the deposits are 
at least 1,000 feet above the track and the cost of transport to the 
. bridge Avonld be prohibitiA^e. 

“Pegmatite dykes iutriiding greywaeks are common on the track 
that folioAvs the north bank of Blue Rh'er to the sea. These deposits 
are tAveh^e miles by track from the Paringa bridge and Avell beyond 
the limits of economic transport. They lie on the roiite of the proposed 
extension of the Main South Road and are likely to be more accessible 
in the future. The dykes are irregular in thiekne.ss but there are large 
masse.s that contain as mueh as 70 per cent of feldspar, 

“Doherty Creek, a small tributary of Blue River, floAvs north 
frenu the ParingarHaaSt track a mile heyond the M Camp and the 
bridge. Its upper A’alley is in crushed greyAA^acke and pegmatite pul- 
A'erized along the Alpine Fault. Pegmatite exposed in a 20 foot cliff 
on the Avest side of the creek is largely composed of feldspar in part 
altered to kaolinite. Even Avhen thie Main Honth Road is extended 
this deposit wall not be readily accessible.” 

According to Mr W. Heinz, feldspar occurred in masses up to 
many feet hi length and some feet in wddth. To a depth, of 6 feet or 
. more from the surface the feldspar Avas weathered to a powdery mass, 
a.sample of which examined by Mr A. Steiner, petrologist to the Geo- 
; Survey, was foupd to consist of kaoliaite and particles of freSh 
^:yv;e^^^>cto;-prticles of aud.(doudy. orthoclase were present in 

available,. ■ 
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iJiSO) IlENDEKaON— CoKNlSll StONH AND FeDDSPAU 

(Jnmiies and Pegmatites of Fiordtaml and. Htewart Island 

Several geologists have mapped and described the gheat inasses of 
acid pliitonic rocks about Chalky and Presei;.vation ihlbts of Fiord¬ 
land and forming the great part of Stewart Island. The few samples 
from the first group analysed are too'high in iron to be, of interest 
to the potter. There is a single analysis (No. 10, Table T) of a sample 
of granite from Stewart Island the “prevalent type ... a Avhite bio- 
tite-granite with oA’-er 77 per cent silica (Williams, 1034, p.323’and 
Table III) that contains only 0-62 per cent of FcoOa. Samples froin 
readily accessible ^exposures of granite in Stewart Island should be 
examined. 

Dykes of pegmatite occur in the granite masse.s {Ihid. ; A. McKay, 
1890, pp. 80 and 84; Benson and Bartrmn, 1935, p. 145) and'those 
of SteAvart Island mentioned by McKay, seerndo he highly feldspathic. 
Park (1926, pp. 384-6) describes an apllJe-from the Green Islets,'12 
miles south-east from Preservation Inlet and part of the plutonie inass; 
it contains only 0-67 per cent of FesOa (No. 11, Table I). Some time 
ago Messrs H. W. Wellman and R. W. AVillett o£ the Geological Sur¬ 
vey found a highly feldspathie’dyke traversing metainorpliic rocks 
on the south side of George Sound about 4 miles from the entrance.' The 
dyke is from 4 feet to 18 feet A\ude, exposed for a length of 40 feet, and 
consists of rock containing 90 per cent of oligoclase, the rest being' 
cpiartz. Several hundred tons of feldspar could readily bo mined 
opencast. 

Volcanic Rocks 

Hocks of the same general eoinposition as the granites and pegma¬ 
tites, which consolidated within the earth’s crust, reached the surface, 
and solidified there. The.se are the lavas and fragmental volcanic rocks 
known as rhyolites, daeites and acid andesites. Among them are rocks 
containing a high enough proportion of feldspar and a ]o\v enough 
proportion of iron for potters to use as fluxes. In New Zealand, rocks 
of this type that may have, use as Cornish stone occm* in the North 
Auckland, Hauraki-Rotorua, Banks Peninsula, Malveni-I-Iills—Mount 
Somers and-Dunedin districts. 


North Au<iMand j^olca%ic‘Bocks - 

Ijiglit-coloured hn’as occur as dykes and flows or have been forced 
up through vents in a state too yiseous to flmv and have bpilt up hills 
oil the surface. There are also in North Auckland bedded deposits 
of fragmeiitar volcanic hiaferial of similar composition. These rocks 
consist essentially of ^ feldspars and fiuartz, the accessories being 
ferroniagnesian minerals and iron oxides. Usually they coiitahi about 
60 per cent, of feldspars. In most cases only a single sample from 
each of the localities has been anal^ped and as tbe different deposits 
may be built up of seyerul cxtfiisi^^^ someivliat different ages, 
the. eompositipri of the whole may not, be uniform. For this reason 
some oceurreiiees are ineitiOned,: even-though the compositions .so' far' 
determined are uiisatisfaetony- On. the other hand further, sampling 
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may show that a satisfactory analysis may not be representative of a 
deposit as a whole. In addition to those mentioned other similar de¬ 
posits may be present in parts of the region not yet mapped in detail. 

According to Bartrimi an albitie granopliyre “outcrops on the 
Avest flank of Mount Camel a little north of the rocky islet near the 
entrance of Hohoura Harbour, and extends from near beach level to 
an altitude of at least 500 feet” (1929, p. 358). This rock, of Avhieh an 
analysis is given in Table III, No. 1, is exceptionally low in iron and 
lime content. 

South of Lake Omapere the volcanic hill Putahi rises in smooth 
slopes a feAV hundred feet above the flats. It lies about two miles 
north of Kaikohe and covers about a square mile, but similar rock, 
largely decomposed to clay and in part concealed by basalt, outcrops 
in neighbouring areas. The single analysis available was of a sample 
containing 4-16 per cent of FeaOs (Bell and Clarke, 1909, p.73). 

Ten miles north-east from Lake Oiriapere fragmental acid volcanic 
rocks occupy several square miles of country and rise in Maunga- 
parerua to 814 feet above sea level. The rocks are much decomposed 
and no sample has been analysed. 

Hikurangi Mountain, which ri.ses precipitously to 1,204 feet, covers 
an area of about a .square mile west of Hikurangi Township, 17 miles 
north of Whangarei. The single analysis sIioavs that the sample con¬ 
tained 62 per cent of feldspar and 3-78 per cent of Pe^Oa (Ferrar 
et al, 1925, pp. 74-5). “Hand specimens from different parts of the 
Mount Hikurangi mass show notable variety” (Ibid, p. 66). The rock 
is classed as an acid andesite and iii composition closely resembles 
other lavas and dykes occurring abundantly in the Wliangarei area. 

Mauugarei (1,260 ft) forms a compact group of steep hills cover¬ 
ing some 3 sjquare miles of country 5 or 6 miles north-north-west from 
Whangarei. The single analysis was of a sample containing 60 per cent 
of feldspar and 3 12 per cent of FeaO.,. The rock is classed as andesitic 
dacite. As the hill group is probably complex in structure, material 
of similar composition but with less iron may yet be found in acces¬ 
sible localities. 

Parahaki, inniiediately north-east from Whaugarei, covers two 
squareniiiles and rises to, 794 feet. The rock of which the i mass is com¬ 
posed is classed as a trachyiie. dacite. No analysis seems to have been 
made. 

A smooth loAv hill (370 ft) occupying less thi^u a square mile 
occurs east of the north end of McLeod Bay, an open indentation of 
whangarei Harbour. A single analysis Avas of a sample containing 
o4 per cent of feldspar and 1-16 per cent of Fe.Oa (Table III, No. 2) . 

There are a number of irregular masses and dykes of acid volcanic 
rock about mangarei Head; Busby Head and the ridge extending 
thence north for over half a mile are made up of traehytic dacite of 

Avhich an analysis of a smnple (Table III, No. 3) showed 65 per cent 
of feldspar und 1- 63 per; cent of-PeaQa- chains north of the 

Amarf at IJrquahart Bay contains 67 per cent of feldspar and 2*41 
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per cent of FeoOg {Ihid., pp. 74-6), Another rock 20 chains west of 
Big' Point and 100 chains east of Bnsby Point is classed as a hiotite- 
granite porphyry. It ‘forms a massive wide-jointed outcrop’ and is 
thought to be ‘the intrusive equivalent of the daeites of tracliytic type’ 
common in the Whaiigarei district (Z&td,, pp. 61-2). This rock is so 
remarkably low in iron (1925, pp. 74-6) that a check sample wms 
obtained and analysed, the iron stain on the joint faces being removed. 
The result (Table III, No. 4) confirms that of twenty years ago. The 
analyst states that the ‘material heated to 1,250°C, gives a perfectly 
white glassy mass’. Unfortunately the locality is not easy of access. 
Another sample witli heavy iron staining on the joint faces contained 
Na^O, 3-04 per cent; K^O, 2-74 per cent; and Fe^Oa, 2-40 per cent 
(Dorn. Lab. Memo., 6/8/47, N, 1146). 

Twenty-five miles south of Whangarei, in the Mangawai-Maunga- 
turoto district, acid volcanic rocks cover some 15 square miles of 
country mostly south of the prominent fault scarp that bounds the 
Waipu hills. There are smal lisolated masses at the Bream Tail and 
Mangawai North Head but the main areas lie just west of the water¬ 
shed of the North Auckland Peninsula. Aiialyses of four samples 
are available (Perrar, 1934, p. 62) and that containing the least 
amount of iron is quoted (Table III,’No. 5); but all are similar and the 
moat ferriferous contains only 2-11 per cent of Pe-jOg. 

Volcanic Bocks of HauraM-Boforna, and Taupo Districts 

Vast deposits of light-coloured volcanic rock, occupying thousands 
of square miles of the Rotorua-Taupo region, extend north along the 
east side of Hauraki Peninsula, reaching even the Great Barrier, and 
west into the upper basins of Waipa, Mokavi and Wanganui rivers. 
7’h.ese rocks consist largely of fragmented volcanic glass and, on 
account of their probable mode of extrusion, have , come to be known 
as ignimbrites. In. these regions also are masses of acid yolcanie rock 
that either have flow'ed on the surface or, too viscid to flow', have; ^ 
been forced to the surface and accumulated in dome-like masses oyer 
the vents from which the ignimbrites had been dischai'ged. These non- 
fragmented rocks may be glassy or .stonjr and often contain spherii- 
lites, which may constitute the bulk of tlic rock. 

There are a dozen analyses of the acid fragmental volcanic rocks 
chiefly from the Waihi district and Arapiuii Gorge (Henderson and 
l^artriim, 1913, pp. 79-80; Henderson, 1920, p. 225;; Morgan, 1924,; 
p. 70; Henderson and Grange, 1926, xn 79; Grange, 1937, p, 63). All \ 
are much alike though there, are minor differences. The majority were 
of samples containing more than 2 per cent of PeaGg; oiily one shows 
less than 1 per cent .(Table III, No. 6). This is of a sample from the 
rock mass on which Afapuni Dam is built ; but another sample from 
the .same deposit cbiitaiued 4-79 per cent of PeaOg. , 

The acid nond'ragmented yolcanje rocks form large or ^nall areas 
in general surrounded by ignimbrite and.seattered. irregularly in the 
region. They are classed as rhyolites, daeites and acid andesites^ Six¬ 
teen analyses are available (Henderson and Bartrum,1910j ,pp- .79-80; , 
Morgan, 1024, p. 70; GraugCj pp. 66-68; Bgrtirnm, 1913, pp. 139- 
40) {IS well as four from Mayorr^aud CMarsIraU, 1936, p.343). Two 
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only of these show less than 1 per cent of Fe 203 . That of a sample 
from Palm ‘Island’, the peninsula forming the north head of the 
estuary of Tairiia River, is given in Table III, No. 7. This rock is 
made up almost entirely of large sphernlites Avhich consist of radiating 
fibres of feldspar with interstitial glass and quartz. The other Ioav- 
iron sample is from Oniahu, a rather, inaccessible locality on tlie Ilau- 
raki water-shed about a dozen miles north-east from Waihi (Park 
and Rntley, 1899, p. 467). 

Volcanic Bocks of Banks Peninsula 

The complex mass of volcanic and other rocks forming Banks 
Peninsula consists chiefly of basalts and andesites. There are, ho-vv 
ever, considerable exposures of rhyolites and, less abmidantly, of 
trachytes. Speight has discussed the geology of this district in a 
number of papers, of which only a few are listed in tVis paper, and 
his maps show, in a general Avay, the distribution of the rocks of 
interest to the potter. 

Ehyolitie material covers an area of about two square miles at 
the Head of the Bay, Lyttelton Harbour, fonning Manson Peninsula, 
the ridge trending south-Avest from it, a.s Avell as parts of Quail Island 
and Potts Peniusiula. Farther south similar rocks occupy an area 
seA'eral times as large betAveen Gebbie and McQueen valleys, occur 
round their heads, and extend across the divide into the fall of 
Lyttelton Harbour. These rocks consist essentially of feldspar and 
quartz and the five analyses that Speight cites show an average FegOa 
content of only 1-05 per cent, an amount decidedly loAver tlian that 
of similar rocks of the North Auckland and ■Waihi-Rotorua-Taupo 
districts. Speight (1922, p. 89) notes the “general uniformity in 
chemical and mineral composition” of these rocks. Analyses Nos. 8 
and 9 of Table III, quoted from Speight, are of specimens from widely 
separated localities. 

Innumerable dykes of different compositions and textures cut 
the Amleanic rocks of Banks Peninsula. They are the late differentiates 
of the magma or magmas that supplied the main centres of eruption; 
the great bulk of their material is high in alkali and richly feldspathic. 
Some of the rocks are also low in iron and these may have value as 
a source of flux to the potter, 

Speight (1923, p; 143) described .“ a dyke forming a great curly 
mass on the south shore of Quail .Island and sending tohgue-like 
apophyses intp the neighbouring rocks. It is Avhite or creamy-Avhite 
in eolonr, but Avitli coatings of iron-oxide on the joint planes.” He 
noted that the rock consists almost entirely of feldspars and classed 
it as a trachyte A\dth bostonitic affinities. Further, he suggested that 
such a rock may .prove to be a source of feldspar for insulators and 
porcelain. The analysis, No. 10, Table III, is quoted from his report. 
In the same publication, Speight (19.23, p. 147) describes a dyke, 6 feet 
tlndv, just north of the neck of Onawe Peninsula, Akaroa Harbour, 
which owdiig to its hardness stands out conspicuously on the shore. 
Tins IS composed of nearly piire feldspar rock coloured dightly with 
oxides of iron. Its analysis is giyen as No. 11 of Table III. Bpeight 
also describes and giyes analyse of otliei! trachyte dykes of Banks 
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Peninsula, some eoiitaiiiiug; a higher percentage of feldspar than the 
two quoted, but with higher iron contents. 

Volcanic Rocks of Malvern Hills and Mount Somers Districts 

The work of Haast, P. W. Hutton and S. H. Cox make the geology 
of the Malvern Hills and Mount Somers districts familiar to New 
Zealand geologists, but this account of some of the volcanic rocks 
is derived mainly from the descriptions of Siieiglit, who mapped both 
areas in detail (1928, 1938). 

Rhyolites and pitehstones outcrop along the south slopes of the 
Malvern Hills west from White Cliffs to Rakaia Glorge. They cover 
in all about ten square miles of country, form Mount Misery (1,910 ft) 
and Pullwood Peak (2,403 ft), and are extensively exposed along the 
north and south flanks of Roclnvood Range, which culminates in High 
Peak (3,176 ft). In addition, outcrops occur along and near the 
Rakaia Gorge. Speight (1928, p. 16) and P. T. Cox (1926, p. 98) 
give analyses of acid rocks which contain from 53 to 60 per cent of 
feldspar, the rest of the rocks being chiefly quartz. The content of 
FeaOa ranges up to 2-41 per cent. The analysis of the rock containing 
least iron is given as No. 12 of Table III. 

In the Mount Somers district, Speight’s maps show that much of 
Mount Alford (3,843 ft) and Mount Somers (5,536 ft) consists of 
rhyolitic rocks which cover in all about 20 square miles of country. 
He cites four analyses of glas.sy and niicroerystalline acid rocks all 
of very similar chemical composition (1938, p. 33). The silica ranges 
from 76-81 to 74-22 per cent and the PcaOs content from 1*06 to 
1-49 per cent, the averages being respectively 75-05 and 1-33 per cent. 
Daly (1914, p. 19) gives 72-6 per cent and 2-3 per cent as the corres¬ 
ponding means of 64 rhyolites and liparites; so that on the four 
samples analysed the Mount Somers acid rocks are rather high in 
silica and decidedly low in PeaO.-i. The normative composition of these 
rocks is 57 per cent of feldspars and 38 per cent of quartz.. The iron, 
as in Malvern Hills rocks, is present for the most part as an iron 
garnet and biotite and would no doubt be reduced by magnetic separa¬ 
tion during or after grinding. The analysis of the rock showing least 
iron is given as No. 13 of Table III. 

Volcanic Rocks of the Dunedin District 

The rocks of the volcanic district of Dunedin are known through 
the numerous reports, here mostly unlisted, pf Professors P. Marshall 
and W. N. Benson. The former (1906, 1914) gives the more general 
survey and includes in his account the flows and dykes of interest to 
the potter. These are the trachytes outcropping along the west shore 
of Otago Harbour north and south of Port Chalrners, forming 
Quarantine Islands, and covering several square mto . of Qtago _ 
Peninsula west and north of Hooper Inlet; These exposures^ are along 
the north-west-striking PortobellQ-Fort Ohalmers iiitiGliBe CBenson* 
1941, p, 216), which brings ^to the surface rocks Ipw.in fho erupt^ye 
sequence. The other well-known outcrops at Norfe Btohd and Onqhl 
lie on a parallel line sm& to the north-east, ^ traohytesj whieh 
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occur ill dykes and massive flows, are light-coloured roc]?s, generally 
iron-stained, and consist almost ivholly of feldspar. Only two analyses 
are available, one of a sample from North Head (No. 14, Table III) 
and the other of a sample frojn Portobello (Marshall, 1906, p. 399). 
Both are low in iron; soda feldspar constitutes 60 per cent, of the 
rock, potash feldspar 30 per cent, and lime feldspar 5 per cent. The 
composition is so favourable that if the analyses are reasonably 
representative of the rocks as a whole, search should be made for 
outcro]3s of similar suitable material in more accessible localities. 
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Table II. Laboratory Tests of Clay Fractions 
FROM Decomposed Granites, Nelson 


.Sample No, 

(I) 

■ (2) 

P) 

(4) 

{^) 

'(«) 

( 7 ) 

(8) 

Percentage clay 


18 


26 


40 

30 

32 ■ 

Plasticity 

none 

none 

fair 

none 

fair 

extre- 

mod- 

fair 







melv 

erate 








low 



Colour of tile 

light 

white 

fawn 

white 

liglit 


cream 

dull 


brown 1 




brown 



white 

Raw strength. 

yerv 

very 

strong 

verv'^ 

weak 





weak 

weak 


weak 





Percentage Temper- 









ing water 

33 

26 

20 

21 

28 




Linear-.shrinkage 









per cent. 









. 95°c. 

1-6 

1-6 

3-2 

1-6 

4*7 

2.{) 



930°c. 

1-6 

1*6 

4-7 

0*0 

6-3 

*1-5 

*3-2 

*4,7 

lOSO^c. 

3*2 

3-2 

7-8 

0-0 

10-9 




U50®c. 

14-1 

10-9 

9-4 

l ()-9 

14.1 

12.5 

12.5 

14-1 

Na2Q content 

2-46 

1-80 

1-33 

i-as 

1-43 

5.74 

3-55 

2-88 

K2O content 
Alkali-fijldspar 

2-32 

1-62 

2-00 

2*50 

2.06 

2-78 

2-54 

2*06 

content 

44 <7 

25.3 

23-3 

30«3 

24.3 

64-9 

45 

35-3 


(1) VVahviicro Valley (L. 493-5). 

(2) N{?atiinoti Hoad (L, 493-3). 

(3) Orinoco Foad (1>.’493-4). . . 

(4) and (5) Boyd’s, Sherry Valley (L. 493-1,2). 

* ((i), (7) and (8) ' Baton Saddle (sec Taylor, 1943, p. 83), 
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